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-  INTRODUCTION  - 

In  view  of  the  chiof  duty  which  the  digestive  tract  has  to  per- 
form in  the  living  organism,  Pavlov  has  adequately  compared  it  to  a 
chemical  factory,  ".'here  the  raw  materials  -  the  food-stuffs  -  are 
submitted  to  an  essentially  chemical  process.    They  are  eo  brought 
into  a  condition  in  which  they  are  capable  of  boinj  absorbed  into 
the  body  fluids  and  made  uro  of  for  tho  maintenance  of  life, 

"This  factory,"  says  -avlov,  "consists  of  B  series  of  compartments 
whore  the  food,  according  to  its  propartias,  is  either  retainod  for  a 
time  or  at  once  sent  on  to  tho  next.    The  factory  and,  indeed,  each 
single  compartment  is  provided  with  suitable  reagents*    The bo  are 
either  prepared  in  neighboring  little  workshops,  buried  in  the  walls 
of  the  structure  itself,  or  else  in  dirtant  and  separate  organs  which 
are  connectod,  as  in  other  large  chomical  factories,  with  the  main 
laboratory  by  a  system  of  transmitting  tubes.    These  latter  are  the 
so-called  secreting  glands  with  their  excretory  ducts.    'lach  of  tho 
work— shops  furnish  a  specific  fluid,  its  own  particular  reagent,  en- 
dowed with  definite  chemical  properties  which  only  act  on  certain 
portions  of  the  foods,  this  latter  being  ordinarily  formed  of  a  com- 
plex mixture  of  different  ingredients.    These  properties  are  chiefly 
determined  by  the  presence  of  special  substances  in  the  re?  -ants,  the 
so-called  ferments.    The  separate  fluids,  the  digestive  Juices  as 
they  are  usually  termed,  attack  at  one  time  o^ily  a  single  ingrodiont 
of  the  food,  at  another  time,  several.    Thus,  they  combine  the  pro- 
perties of  many  individual  reagants,  each  of  which  acts  in  its  own 
special  way." 


Physiology  has  been  able  to  gain  a  comprehensive  knowledge  of 
the  digestive  apparatus  by  obtaining  oithor  tho  fluids  in  question, 
or  the  pure  ferments  from  the  organism,  and  studying,  in  the  test- 
tube,  their  offects  upon  the  constituents  of  the  foods  as    ell  as 
their  behavior  toward  each  othor. 

Many  questions,  hovever,  that  touch  upon  the  vital  facts  have 
still  rom~in^d  undecided.    The  subject  of  dietetics  represents  one 
^f  the  most  intricate  sections  of  therapeutics.     It  is  not  enough  for 
the  physiologist  to  have  a  Icnor.lodge  of  the  separate  elements  con- 
cerned in  the  process  of  digestion,  i.e.  the  working  of  individual 
agencies,  but,  in  order  to  grasp  his  subject  fully,  he  must  also  in- 
clude within  the  sphere  of  his  observations  the  actual  progress  of 
digestion  as  a  -..'hole,    ilany  investigators  would,  doubtless,  have 
accomplished  the  solution  of  the  problem  had  it  been  of  easier  de- 
scription. 


FHY5I  I,OGY  0£  TK2  DIGTSSTIVTI  GLANDS  IN  iAHMALIA. 
1.    TH5  SALIVARY  GLANDS 

In  Liammalia  there  are  a  number  of  glands  tho  secretions  of  which 
play  a  part  in  the  digestion  of  food,    A  serios  of  complex  reactions 
take  place  from  the  moment  the  food  enters  the  mouth  cavity  until  it 
is  finally  absorbed  and  assimilated  into  the  blood  stream  from  the 
intestinal  tract*    The  first  of  the  secretions  which  the  food  comes 
into  contact  with  is  tho  saliva,  a  mixed  secretion  from  the  large 
salivary  glands  that  open  into  the  mouth  cavity. 

The  salivary  glands  are  three  in  number  on  each  side  of  the  head 
the  parotid,  tho  submaxillary,  and  the  sublingual.    The  parotid  oc- 
cupies the  s;?aco  in  front  of  tho  oar,  resting  with  its  flattened  in- 
ner surface  upon  the  soft  parts  covering  the  ramus  of  tho  mandible. 
It  communicates  with  the  mouth  by  a  duct  ("tonson's  Duct)  opening  up- 
on tho  inner  surface  of  tho  cheek  opposite  the  second  molar  tooth  of 
the  upper  Jaw,    The  submaxillary  lies  balow  tho  lower  Jaw  with  its 
duct  (  harton's  Duct)  opening  into  the  mouth  cavity  at  the  side  of 
tho  frenum  of  tho  tongue,    Tho  sublingual  lies  in  the  floor  of  the 
mouth  at  the  side  of  tho  frenum  with  a  series  of  ducts  (8-?0)  known 
as  the  ducts  of  Rivinus,  opening  into  tho  mouth  cavity. 

Tho  salivary  glands  receive  thair  nervous  stimuli  from  two  gen- 
eral sources:  vis.  tho  cerebral  fibers  or  the  bulbar  autonomics  and 
the  sympathetic  autonomics.    The  parotid  gland  receives  its  bulbar 
autonomics  from  the  glosso-pharyngeal  or  the  ninth  cranial  nerve;  tfcn 
pass  to  a  branch  !<nown  as  the  tympanic  branch,  thence  to  a  small  su- 
perficial nerve  through  which  they  reach  the  otic  ganglion. 
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From  this  ganglion  thoy  pass  by  'ay  of  the  branch  of  the  inferior 
maxillary  division  of    ho  fifth  cranial  nerve  to  the  parotic! 
gland.    The  bulbar  autonomic  impulses  for  the  submaxillary  and  sub- 
lingual glands  arise  in  the  brain  in  the  facial  nerve    nd  leave  by 
way  of  tho  chorda  tympani  branch.    This  n^rve,  after  leaving  the  tym- 
panic cavity,  Joins  the  lingual  nerve  and  after  runninn  with  this 
nerve  for  a  short    hile,  the  secretory  norvo  fibers  for  the  sub- 
maxillary and  sublingual  glands  branch  off  I nd  pass  to  tho  glands. 

Histological  Structure  of  the  Salivary  Glands. 

According  to  secretion  tho  salivary  glands  are  divided  into: 
mucous,  serous,  and  nixed.    Tho  mucous  glands  are  distinguished  by 
their  large  secretory  units.    These  are  called  "rcini",  "alveoli" 
or  "tubules",  and  produce  a  thick,  viscid  secretion.    Those  glands 
are  found  in  the  mouth,  pharynx  and  esophagus.    The  sublingual  is 
almost  a  pure  mucous  gland.    Serous  glands  aro  those  in  which  the 
acini  stain  darkly  owing  to  the  presence  of  tho  secretory  granules 
in  the  cytoplasm.    The  ncini  are  usually  smaller  than  those  of 
the  mucous  glands.    The  mixed  glands  are  those  which  stain  both 
lightly  and  darkly  and  secrete  a  mixed  fluid  as  do  the  submaxil- 
lary and  sublingual. 

All  of  these  glands  have  tho  samo  general  structure.    "ach  is 
surrounded  by  a  capsule  of  white  fibrous  tissue  that  separates  it 
from  tho  surround  ng  organs  or  tissues.    The  capsulo  sends  out 
prolongations  that  divide  the  gland  into  lobes  and  lobules.  The 
lobules  consist  of  the  functionating  units  that  are  composed  of  a 
single  layer  of  glandular  epithelial  cells,  called  "parenchyma", 
supported  by  a  basement  membrane.    External  to  the  basement  mem- 
brane is  the  interstitial  or  interlobular  connective  tissue,  com- 
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posed  of  reticulum,  (a  special  arrangement  of  the  areolar  farm  of 
connoctivo  tissue)  and  in  which  the  blood  vessels,  norvos  and 
lymphatics  are  found.    The  secretory  units  lead  into  minute  inter- 
mediate or  intercalated  tubules  that  unite  to  form  interlobular 
ducts  which  pass  into  the  Interlobular  connective  tissue.    The  in- 
terlobular ducts,  by  union,  form  the  lobars  and  then  the  single 
excretory  duct.    The  intermediate  tubules  r.re  lined  by  a  simple 
squamous  or  low  columnar  cells  supported  by  a  membrane  and  inter- 
stitial tissue;    the  interlobular  branches  contain  simple  columnars, 
the  interlobulars  and  intorlobnrs  ^ro  lined  by  pseudo-stratif ied 
columnars,  and  the  excretory  duct  usually  by  stratified  columnars. 

The  blood-vessels  follor/  the  division  of  the  ducts  and  form 
plexuses  of  capillaries  around  the  secretory  units  and  in  close 
proximity  to   .he  epithelium.    The  nerves  pass  down  in  the  sane 
manner  and  after  penetrating  the  basement  membrane  end  around  tho 
cells. 

The  parotid  gland  is  a  compound  aveolar  gland  and  is  divided 
into  lobes  and  lobules  as  described.     It  It  the  largest  oral  sali- 
vary gland.     In  oach  lobule  are  found  the  secretory  units  or  acini 
which  are  serous  in  character,  the  intercalated  and  interlobular 
ducts,    l^ach  acinus  consists  of  a  number  of  small  darkly  stained 
cells  of  a  pyramidal  shape,  arranged  in  a  single  layer  upon  the 
thin  basement  membrane.    In  the  center  of  this  group  of  cells  is 
a  "lumen"  the  si'je  of  v/hich  depends  upon  the  stage  of  activity  of 
the  gland.    The  acini  are  comparatively  snail.    The  basement  mem- 
brane contains  small  basket  cells  at  the  bases  of  the  epithelial 
cells,  and  the  processes  of  these  basket  cells  pass  between  the 
functionating  epithelium.    These  are  assumed  to  be  the  young  se- 
creting cells  replacing  the  older  ones  that  cease  to  function. 
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The    cytoplasm  of  the  secretin:  cells  is  nearly  clear  and  finely 
granular  in  the  early  resting  stage;    during  the  latter  part  the 
granules  increase  in  number  and  a  snail  amount  of  clear  cytoplasm 
and  the  nucleus  occupy  the  basal  portion  of  the  coll.    The  cell 
becomes  so  swollen  as  to  bloclc  the  lumen  and,  as  t^ese  zymogen  gran- 
ules aro  discharged  during  the  active  stago,  the  cells  become 
smaller  and  the  granules  nearly  all  disappear;    the  cytoplasm  in- 
creases in  amount  and  spreads  through  the  cell.    In  the  cytoplasm 
and  between  the  cells  there  is  a  set  of  secretory  capillaries  or 
"canaliculi" .    The  acini  pas3  the  secretion  to  the  intercalated 
tubules  that  are  lined  with  squamous  colls  and  these  join  the  in- 
terlobular ducts  that  are  lime  -:ith  lo-  columnar  elements.  These 
in  turn  empty  into  the  interlobular  ducts  that  lie  in  the  inter- 
lobular connective  tissue.    Those  are  larger  in  caliber  and  are 
lined  with  columnar  cells  and  possess  three  coats.    A  great  deal 
of  adipose  tissue  is  found  in  the  interlobular  tissue  of  the  paro- 
tid gland. 

The  submaxillary  gland  is  a  tubuloalveolar  gland  in  structure 
and  a  mixod  gland  in  secretion.    The  mucous  tubules  may  be  collect- 
ed in  individual  lobules  or  they  may  be  mixed  with  the  serous  aci- 
ni.   The  serous  acini  are  supposed  to  be  five  times  as  numerous 
as  the  raucous  tubules  in  man.    The  mucous  tubules,  however,  are 
the  larger  of  the  two.    The  colls  are  of  the  columnar  variety,  are 
quite  large  and  stain  but  lightly.    The  cytoplasm  in  the  fresh  con- 
dition is  clear  and  refractile.    In  properly  fixod  tissue  the 
cytoplasm  contains  a  coarse  reticulum  that  is  basophilic  in  re- 
action and  is  situated  mainly  in  the  lumen  portion  of  the  coll. 
The  cytoreticulum  contains  coarse  granules  that  rospend  to  special 
mucin  stains.    These  granules  increase  in  number  durln^  the  resting 
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stage  and  the  cells  bocorao  larger  •  nu  ass  mo  a  swollen  appearance, 
hen  the  secretion  la  to  bo  discharged,  water  from  the  lymph  be- 
tween the  cells  passes  into  the  cells,  the  Granules  swell  and  ore 
dissolved  and  the  secretion  is  discharged.     The  cell  then  becomes 
smaller.     In  a  full  coll,  the  nucleus  and  ■  littlo  finely  granu- 
lar cytoplasm  ere  forced  i gainst  the  base  of  the  cell*    When  the 
secretion  If  discharged,  the  nucleus  moves  away  from  the  base  and 
the  cytoplasm  spreads  through  the  distal  extremity  of  the  cell* 
In  most  of  the  mucous  and  mixed  glands  in  these  tubules,  othor 
colls    ro  found  botweon  the  mucous  cells  and  the  basement  membrane. 
Thoso  are  darkly  Staining  cells  arranged  in  the  form  of  cresconts 
and  constitute  the  "crescents  of  Gianunsi"  or  tho  "demilunes  of 
Heidenh-iin" .    Those  croups  ".re  chiefly  located  at  the  blind  ex- 
tremity of  the  mucous  tubules  and,  even  though  at  times  they  may 
reach  to  tho  lu.ien,  they  are  usually  separated  from  them  by  the 
mucous  colls.    Tho  intracellular  and  intercellular  capillaries 
arc  numerous;    tho  secretion  is  discharged  from  the  former  into 
the  latter  and  through  those  roaches  the  lumen  of  the  tubule. 
Hence,  they  resemble  true  serous  cells,  and  Krause'  has  shown  that 
these  colls  will  discharge  sodium  indigo  sulphate  granules  as  do 
tho  sorous  c^iis.    T^e  i o\ orl obul ar  ducts  are  unusually  large  and 
distinct  in  some  animals  and  often  represent  a  distinguishing  fea- 
ture of  this  gland. 

Tho  sublingual  is  a  collection  of  glands  and  not  an  individual 
organ  in  tho  floor  of  the  oral  cavity.     It  is  the  smallest  of  the 
salivary  glands,  each  mass    eighing  only  three  to  four  grams.  In 
structure  it  is  compound  tubular  and  nearest  to  the  pure  mucous 
glands  as  it  does  not  contain  any  serous  acini;    the  serous  portion 
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is  represented  by  the  crescents  of  Gianuzi.     ~£tentines,  rections 
of  serous  acini  are  apparently  seen,  but  these  are  said  to  be 
cross-sections  of  the  tubules  near  tho  blind  end  in  which  the  cres- 
cents abound.    There  are  usually  several  ducts,  called  the  sub- 
lingual ducts  or  the  "ducts  of  Rlvinus" .    Should  only  one  be  pre- 
sent, it  is  called  the  "duct  of  Bartholin". 

Histological  Changes  During  Activity. 

ihe  colls  of  both  albuminous  and  mucous  glands  undergo  dis- 
tinct histological  changes  as  a  result  of  their  prolonged  activity. 
In  the  r^stinj  eland,  the  cell?  are  comparatively  filled  with  gran- 
ules that  stain  readily  and  are  imbedded  in  a  cle:.r  ground  sub- 
stance that  doec  not  stain.    The  nucleus  Is  small  -2nd  irregular 
in  outline.    After  stimulation  of  the  chrde  tyrupani  nerve,  the 
cells  show  but  little  alteration;    however,  stimulation  of  the 
sympathetic  produces  a  marked  change,  the  cells  become  smaller, 
tho  nuclei  mor~  rounded,  and  the  granules  ?.re  more  closely  pack- 
ed together. 

1 

Langley  was  the  first  to  obtain  rp^cific  data  from  the  study 
of  fresh  glands,  nnd  giv<^s  the  results  of  the  experiment  as  fol- 
lows:    ".hen  tho  animal  is  in  a  fasting  condition,  tho  cells  have 
a  granular  appearance  throughout  their  substance,  the  outlines  of 
the  cells  being  faintly  marked,  as  shown  in  Pig.  1.    ".'hen  the  gland 
is  made  to  secrete 
mal  food,  by  injecting  pi 
by  stimulating  tho 

the  granules  begin  to  disappear  from  Fig.  1, 


1    "Journal  of  Physiology,"  2, 25'*, 1379. 
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the  outer  border  of  the  colls,  so  that  each  cell  shows  an  outer, 
clear  border  and  an  inner  granular  one,  as  is  shown  in  Fig.  2.  If 
the  stimulation  is  continued,  the  granules 
become  fewer  in  number  and  are  collected 
near  the  lumen  and  margins  of  the  colls, 
the  clear  zone  increases  in  extent,  and 
the  cells  become  smaller,  as  is  shown  in 
rig,  3."    The  granular  material  is  evident 
ly  used  in  some  way  to  make  the  organic 
material  of  the  secretion.    Since  the  pty- 
alln  is  a  conspicuous  organic  constituent 
of  the  secretion,  it  is  assumed  that  tho 
granules  in  tho  resting  stage  contain  the 
ptyalln,  or  the  preliminary  material  from 
which  the  ptyalin  is  constructed,  during  the  act  of  secretion.  Dased 
upon  this  assumption,  the  granules  are  spoken  of  as  "zymogen  gran- 
ules." 

During  the  process  of  secret ion*  there  are  two  distinct  pro- 
cesses which  seom  to  bo  going  on  within  the  cell;    first  of  sll,  the 
zymogen  granules  undergo  a  change  such  that  they  are  forcod  or  dis- 
solved out  of  tho  cell;     secondly,  a  constructive  metabolism  is  set 
up  leading  to  the  formation  of  new  protoplasmic  material  from  the 
substance  contained  In  the  blood  and  lymph.    Tho  new  material  thus 
formed  is  the  clear  non-granular  substance  which  appears  first  to- 
ward tho  basal  side  of  the  cell.      e  may  suppose  that  the  clear 
substance  during  the  resting  period  undergoes  metabolic  change, 
whe^Jjer  the  changes  are  of  a  metabolic  or  a  katabolic  character 
cannot  be  asserted  safely,  leading  to  the  formation  of  new  granules 


and  the  cells  are  again  ready  to  form  ■  secretion  of  nomal  composi- 
tion.    In  these  experiments  the  glands    ere  stimulated  beyond  normal 
limits.    Under  ordinary  conditions,  the  cells  are,  no  doubt,  never  de- 
pleted of  their  gra  ular  material  to  a  great  extent. 

Changes  equally  marteod  may  be  observed  in  the  colls  of  the  mu- 
cous glands  after  prolonged  activity.     In  the  resting  eland  tho  cells 
aro  largo  and  clear  v;ith  flattened  nuclei  situated  well  towards  the 
base  of  the  cell.    A  mucous  glad,  the  submaxillary  of  the  dog,  is 
shown  in  Fig.  4.  as  it  appoars  in  the  resting  stage. 

'.Then  the  gland  is  nade  to  secrote, 
the  nuclei  become  more  spherical  and 
are  situ?.tod  more  toward  :,ho  middle  of 
the  cellf  which  themselves  become  dis- 
tinctly smaller.    The  changes  become 
more  marked  after  prolonged  secretion 

Fig.  4. 

and  some  of  the  mucous  colls  may  break  down  completely.    rihe  submaxil- 
lary gland  of  the  dog  is  shown  in  Pig.  5.  as  it  appears  after  prolong- 
ed stimulation  of  '.he  chorda  tympani.    According  to  some  observers, 
tho  mucous  cells  do  not  disintegrate  but 


form  new  natorial  during  the  period 
of  rest.    Langley  has  sV wn  that  in 
the  fresh  mucous  cells  of  the  sub- 
maxillary gland,  about  125  to  250 
largo  granulos  may  be  found  to  a  cell 
These  granules  are  comparable  to  those 
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in  the  g>blot  colls  and  may  be  supposed 

to  contain    mucin  or  some  material  from  r-hich  mucin  If,  formed.  The 
granules  are  particularly  sensitive  to  reagents,  the  addition  of  water 
causing  them  to  3r;ell  ?nd  disappear. 
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The  action  of  certain  drugs  as  atropine,  pilocarpine  and  ni- 
cotine upon  the  salivary  glands  has  a  peculiar  physiological  in- 
terest*   Small  doses  of  atropine  injected  eithor  into  the  blood 
or  into  the  gland  duct  inhibit  the  action  of  tho  tympanic  nerve 
upon  "he  glands.    This  effect  nay  bo  attributed  to  the  fact  that  at- 
ropine paralyzes  the  endings  of  the  corobral  fibers  in  the  glands. 
It  does  not  act  directly  upon  tho    land  cells  themselves  since 
doses  sufficient  to  throw  out  ontiroly  the  secreting  action  of 
tho  cerebral  fibors  boing  adnini stored,  tho  sympathetic  fibers 
are  still  offoctive    'hen  stimulated. 

Pilocarpine  has  exactly  tho  opposite  effoct  to  atropine.  In 
vory  small  doses  it  produces  a  continuous  socrotion  of  saliva, 
which  :\ay  be  attributed  to  tho  fact  that  it  etircul: tes  tho  end- 
ings of  tho  secretory  fibers  in  the  glands. 

2 

According  to  tho  experiments  of  Langloy,    nicotine  inhibits 
the  action  of  the  secretory  nerves  by  paralyzing  the  connections 
between  tho  preganglionic  and  the  postganglionic  fibors.  The 
effect  of  the  drug  is  exerted,  apparently,  on  the  synapse  and  does 
not  confine  itself  to  tho  sympathetic  ganglia.    I.angley  used  this 
knowledge  in  discovering  whether  V  ore  was  any  cell  station  for 
given  fibors  in  any  place  to  which  the  drig  could  be  applied. 

Synapses  of  different  norvos  require  doses  of  different  con- 
centrations, and  tho  sensibility  of  difforont  r;pocies  of  pr.imals 
to  tho  action  of  the  drug  is  not  tho  same. 


2.        roceodings  of  tho  Royal  Society,"  London,  46,423,1889. 
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Composition  of  Secretion 
The  saliva  as  found  in  the  mouth  Is  o  colorless,  viccid 
liquid  r;ith  a  specific  gravity  of  about  1.003  and  a  neutral  or 
slightly  acid  reaction.     It  sometimes  contains  a  number  of  flat 
cells  from  the  epithelium  of  the  mouth  and  the  peculiar  spheri- 
cal colls  Knorvn  as  salivary  corpuscles. 

The  important  constituents  of  the  secretion  are  mucin,  pty- 
alin, maltase,  traces  of  protoin  and  potassium  sulphocyanide,  and 
inorganic  salts  such  as  potassium  and  sodium  chloride,  potassium 
sulphate,  sodium  carbonate  -nd  calcium  carbonate.    The  carbon- 
ates aro  abundant  in  the  secretion  and  also  carbon  dioxide*  in 
solution. 

The  mucin  in  the  saliva  gives  it  its  ropy,  mucilaginous 
character.    This  substance  bolongs  to  thG  group  of  combined 
proteins  and  glyco-proteins  consisting  of  a  protein  combinod 
•-vith  a  carbohydrate  group.    The  most  interesting  constituent 
of  tho  mixed  saliva  is  the  ptyalin  or  salivary  diastase  uhich 
belongs  to  a  group  of  enzymes  or  unorganised  ferments. 

Upon  examinstion  of  the  separate  secretions,  we  observe 
that  the  :..ain  difference  lies  in  the  fact  that  the  parotid  sa- 
liva contains  no  mucin  but  is  rich  in  ptyalin,  v/hilo  the  sub- 
maxillary and  sublingual  secretions  are  rich  in  mucin. 

formal    iechanism  of  tho  Secretion. 

Tho  flo"!  of  saliva  under  normal  conditions  from  the  glands 
is  due  to  a  reflex  stimulation  of  the  secretory  nerves.  The 
sensory  fibers  concerned  in  tMs  rofl  x  must  be  chiefly  fibers 
of  the  glossopharyngeal  and  lingual  nerves  supplying  the  mouth 
and  tongue.    Section  of  the  chorda  tympani  prevents  the  reflex 
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in  spite  of  the  fact  that  the  sympathetic  fibers  are  still  in- 
tact.   Various  authors  have  suggested  that  possibly  the  three 
salivary  glands  respond  normally  to  different  stimuli. 

According  to  Pavlov,  in  his  thesis  "The    ork  of  the  Digest- 
ive Gland",  in  the  dog  the  parotid  and  the  submaxillary  may 
react  quite  differently.    Fistulas  were  made  of  the  ducts  of 
theso  glands  and  it  was  seen  that  the  submaxillary  responded 
readily  to  a  number  of  stimuli,  such  as  the  sight  of  foods, 
chewing  of  meats,  acids,  etc.    The  parotid,  however,  reacted 
only  when  ^ry  food,  dry  powdered  moat,  or  broad  was  placed  in 
the  mouth.    Dryness,  in  the  case  of  the  parotid,  seom  d  to 
have  been  the  efficient  stimulus. 

3 

Groat  stress  was  laid  by  Pavlov  upon  the  adaptability  of  the 
secretion  of  saliva  to  the  character  of  the  material  chewed.  Dry, 
solid  food  stimulates  a  large  flow  of  saliva  M  it  is  necessary  to 
chow  it  properly  and  iorm  it  into  a  bolus  for  swallowing.  Foods 
which  contain  a  great  deal  of  water,  on  the  contrary,  stimulate 
but  little  the  flow  of  saliva.    Such  adaptation,  according  to  Pav- 
lov, must  bo  regarded  from  the  psychological  point  of  view  as 
special  reflexes  depending  upon  some  difference  in  the  nervous 
mechanism  sot  into  play. 

As  the  flow  of  saliva  is  a  definite  reflex,  there  should  bo 
a  definite  salivary  secretion  center.    This  center  has  been  found, 
as  results  of  physiological  experimentation,  to  bo  the  :  odulla 
oblongata.      winr  to  the  nur.erous  connections  of  nerve    cells  in 
the  central  nervous  system,  *€  should  think  that  this  center  would 

3    Pavlov,  "The   /ork  of  the  Digestive  Glands",  translation  by 
Thompson,  London,  1902. 
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be  affected  by  stimuli  from  various  centers.    It  is  known,  non- 
over,  that  the  center,  and  through  it  the  glands,  nay  be  called  in 
to  activity  by  stimulation  of  the  sensory  fibers  of  the  sciatic, 
splanchnic  ~nd  vagus  nerves.    Also,  nu serous  psychical  acts,  as 
the  thought  of  Juicy  and  savory  food  and  the  feeling  of  nausea 
that  precodos  vomiting,  nay  be  accompanied  by  a  flow  of  saliva, 
the  effect  in  this  case  being  clue  probably  to  stimulation  of  the 
secrotion  conter  by  horvous  impulses  from  the  higher  norve  cen- 
ters.   The  medullary  center,  hovevor,  may  be  inhibited  as  well  as 
stimulated.    ~oar,  anxiety  or  embarrassment  produce  a  parched  con- 
dition of  the  throat  duo  to  tho  inhibitory  action  of    orve  impul- 
ses arising  from  the  cerebral  centers. 

a.    Tho  Cocrotory  :.orves. 
It  was  in  1857  that  the  existence  of  secretory  nerve  fibers 
nas  discovored  by  Ludwig.    This  discovory  marked  tho  beginning  of 
our  Knowledge  of  this  particular  type  of  fibor.    Ludwig  also  discover- 
ed that  a  stimulation  of  tho  chorda  tympani  nerve  causod  a  flow  of 
saliva  from  tho  submaxillary  gland. 

It  was  shown  that  tho  salivary  glands  received  a  double  nerve 
supply  -  in  part  by  way  of  the  cervical  sympathetic  and  in  part  through 
corebral  nerves.    It  was  .eon  that  not  only  nre  secretory  fibers  car- 
ried to  the  glands  by  those  paths,  but  that  vasomotor  fibers  are  con- 
tainod  in  the  same  nerves,  and  tho  arrangement  of  these  vasomotor  ner- 
ves is  such  tl  at  the  cerebral  nerves  contain  vasodilator  fibers  causing 
a  dilation  of  tho  small  arteries  in  the  glands  and  an  accelerated  blood 
flow,  whoroas  tho  sympathetic  contains  vasoconstrictor  fibers  whose 
stimulation  causes  a  constriction  of  tho  small  arteries  of  the  gland 
producing  a  diminished  blood  flow.    Tho  effect  of  stimulation  of  those 
two  sots  of  fibers  is  somewhat  varied  in  different  animals.     In  the 
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dog,  for  instance,  it  was  found  that  if  tho  chorda  tympani  nerve  is 
stimulated  by  weaic  induction  shoc'.:s,  the  gland  begins  to  secrote  im- 
mediately, and  by  proper  regulation  of  the  stimulation,  the  secretion 
may  be  .:ept  up  for  hours.    This  secretion  is  thin    nd  ratery,  abundant 
in  amount  and  contains  not  more  than  one  or  two  per  cent  of  the  t >tal 
solids.    There  occurs  at  the  same  time  an  increased  flow  of  blood 
through  the  gland.    The  gland  assumes  a  redder  hue,  the  veins  are  dis- 
tended, and  if  the  V9ins  were  to  be  cut  the  flow  of  blood  from  them 
would  be  of  a  redder  hue  than  that  of  the  p?.ssivo  gland  and  in  addition 
there  is  a  show  of  a  distinct  pulsation  which  points  to  a  dilation  of 
the  small  arteries. 

If  the  sympathetic  arteries  are  stimulated,  however,  difforont 
results  would  ensue.    The  secretion  would  bo  comparatively  snail  in 
amount;    it  would  be  thick  and  turbid  flowing  slowly,  and  containing  as 
much  as  six  nor  cent  of  the  total  solids.    The  gland  at  the  same  time 
would  become  pale,  and  were  the  veins  to  be  cut,  the  flow  would  be 
slower  than  from  the  resting  gland,  showing  that  vasoconstriction  had 
occurred • 

Ihe  increased    vascular  supply  to  the  gland  accompanying  the  abund- 
ant flow  of  "chorda  saliva",  and  the  diminished  flow  of  blood  during  the 
scanty  ^ecrotion  of  "sympathetic  saliva"  naturally  suggest  that  the 
holo  process  of  secretion  is  a  vasomotor  phenomenon,  the  amount  of 
secretion  depending  only  upon  the  quantity  and  Vhe  flow  of  the  blood 
through  the  gland.    The  idea  Is  an  erroneous  one,  however,  as  was 
proved  by  Ludwig  in  some  of  his  experiments: 

1.  He  showed  that  if  a  mercury  manometer  is  connected  vith  the 
duct  of  the  submaxillary  g1 and  and  the  chorda  is  then  stimulated  for 
a  period  of  time,  the  blood-prossuro  in  the  duct  may  become  greater 
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than  the  blood-pressure  in  the  gland.    This  proves  that  the  secretion 
is  not  derived  entirely  from  the  processes  of  filtration  from  the 
blood. 

2.  If  tho  flow  of  blood  bo  cut  off,  entirely  from  the  gland,  the 
stimulation  of  the  chorda  tympani  still  produces  a  secrotion  for  a 
short  v.'hile. 

3.  If  atropino  bo  injected  into  the  gland,  stimulation  of  tho 
chorda  tympani  causes  vascular  dilation,  but  no  secrotion.  Apparent- 
ly the  atropine  paralyzes  the  secretory  but  not  tho  dilator  fibers. 

4.  Hydrochlorate  of  quinine  injected  into  tho  gland  causes  vas- 
cular dilation  but  no  socrotion.      ero,  the  secretory  fibers  are  still 
irritable  since  stimulation  of  the  chorda  tympani  produces  the  usual 
secretion. 

In  the  gland  there  is  a  marked  relation  of  "he  composition  of 
the  secretion  to  the  strength  of  the  stimulus.     If  tho  stimulus  to 
the  chorda  is  gradually  increased  in  strength,  and  the  gland  Is  not 
fatigued,  the  chemical  composition  of  the  secrotion  is  found  to 
change  with  regard  to  tho  relative  amount  of  water,  salts  and  or- 
ganic material.    Tho  water  and  salts  increase  in  amount  with  the 
incroase  in  stimulus  up  to  a  certain  maximal  limit.    This  effect, 
strange  to  say,  may  be  obtained  from  a  perfectly  fresh  glanc1  as  well 
as  from  a  gland  that  has  been  previously  secreting  actively.  The 
precise  results  of  the  organic  constituents  depend  upon  the  condition 
of  the  gland.    If  previous  to  tho  stimulation  the  gland  was  in  a 
resting  condition,  and  unfatigued,  then  the  increased  strength  of 
stimulus  is  followed  at  first  by  a  rise  in  the  percentage  of  organic 
constituents.      ith  increased  stimulation,  however,  the  increase  in 
organic  material  soon  ceases  and  finally  the  amount  actually  be- 
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gins  to  diminish  and  nay  fall  to  a  lor;  point  in  spit©  of  tho  strong- 
er stimulation. 

On  the  other  hand,  if  the  gland  at  the  beginning  of  th*  experi- 
ment had  been  previously  worked  to  a  great  extent,  then  an  increase 
in  tho  stimulating  current  nay  either  have  no  effect  at  all  upon  the 
organic  constituents  or  nay  cause  only  a  temporary  increase  follow- 
ed immediately  by  a  fall* 

Having  observed  many  of  these  facts  concerning  the  factors  in- 
fluencing the  secretion  of  tho  jland,  Iloiclenhain  was  led  to  believe 
that  the  conditions  determining  the  cecrotion  of  the  organic  ma- 
terial are  different  from  those  controlling  the  water  and  salts, 
and  he  gave  an  explanation  of  the  difforencos  in  his  theory  of 
tropic  and  secretory  norvo  fibers," 

This  theory  of  Hoidenhain  supposes  that  there  are  two  phy- 
siological varieties  of  norvo  fibers  distributed  to  tho  salivary 
glands.      ne  of  these  varieties  controls  tho  secretion  of  water 
and  inorganic  salts  and  its  fibers  nay  bo  called  "secretory  fibers 
proper",  <  hilo  the  other,  v/hich  is  termed  "tropic",  causes  the  form- 
ation of  tho  organic  constituents  of  tho  secretion,  probably  by 
a  direct  influence  on  the  metabolism  of  tho  cells.    If  the  tropic 
fibers  wore  to  act  alone,  the  organic  products  would  bo  forned 
within  tho  cells,  but  there  would  be  evidence  of  no  secretion. 
This  is  the  hypothesis  which  Hoidenhain  uses  to  explain  the  results 
of  the  experiment  of  stimulation  of  the  sympathetic  fibers  to  the 
parotid  of  the  dog. 

The  way  in  which  the  tropic  fibers  act  leads  one  to  suppose 
that  they  set  up  metabolic  changos  in  the  protoplasm  of  the  colls, 
leading  to  the  formation  of  certain  definite  products  as  mucin  and 
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ptyalin.    That  these  changes  involve  oxidation  is  shown  by  the  fact 
that  during  activity  the  gland  takes  up  moro  oxygen  and  gives  off 
more  carbon  dioxide.    These  gland  cells,  during  their  activity,  form 
fresh  [materials  from  tho  nourishment  supplied  by  the  blood;    that  is 
to  say,  the  anabolic  or  synthetic  processes  occur  Along  with  tho  ka- 
tabolic  changes.    Tho  katabolic  changes  to  noro  obvious,  h  wever, 
and  ifl  the  changes  usually  associated  with  tho  action  of  the  trop- 
ic fibers. 

At  tho  present  tine,  tho  theories  suggested  concorning  the 
method  of  action  of  tho  secrotory  fibors  are  merely  speculative. 
Experiments  have  shown  that  tho  amount  of  water  given  off  by  the 
blood  during  secretion  is  somewhat  creator  than  the  amount  con- 
tained in  the  saliva  and  the  difference  between  the  two  can  per- 
haps be  accounted  for  by  an  increase  in  the  flow  of  lymph  from 
the  gland  during  activity. 

It  has  been  assumed  that  the  effect  of  the  nerve  impulse 
is  to  cause  a  splitting  up  of  some  simple  substance  in  the  cells 
with  a  production  of  an  increased  number  of  smaller  molecules, 
whereby  tho  osmotic  pressure  is  increased  and  a  flow  of  water  is 
sot  up  from  the  lymph  into  the  cells. 

The  Digestive  Action  of  Saliva 

The  digestive  action  of  saliva  is  limited  to  starchy  foods. 
It  contains  an  activo  enzyme  belonging  to  tho  group  of  diastases 
and  this  is  known  as  ptyalin  or  salivary  diastase.  Its  chemical 
nature  is  unknown. 

According  to  investigations,  the  ptyalin  as  secreted  from 
tho  gland  in  some  animals,  is  in  an  inactive  form.    Upon  coming 
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into  contact  with  the  nucous  membrane  of  the  mouth  It  Is  converted 
into  active  ptyalin  by  an  organic  kinase  produced  in  the  small 
buccal  glands  in  the  membrane  of  the  cheek  and  lips.    Ptyalin  acts 
readily  upon  starch  converting  it  into  su.;ar  and  dextrin,  the  ac- 
tion being  hydrolytic.    The  hydrolysis,  no  doubt,  takes  place  in 
successive  stages,  for  it  seems  that  there  are  a  number  of  inter- 
mediate products  formed  consisting  of  a  variety  of  dextrins. 

The  products  of  the  reaction  ire  probably  not  absorbed  as 
cuch.    The  absorption  take3  place  mainly  after  the  food  has  reach- 
ed the  Hill  intestine,  and  before    bsorption  the  maltose  is  acted 
upon  by  maltase,  the  inverting  enzyme,  and  inverted  into  dextrose 
the  simple  sugar.    The  combined  ^ction  of  ptyalin  r.nd  maltase  is 
evidently  necessary  to  got  the  starch  into  readiness  for  nutrition 
Under  the  influence  of  those  two  enzymes  the  complex  starch  mole- 
cules are  broken  up  into  their  constituent  elomonts. 

v.'e  wonder  Just  ho-:  far,  under  such  ordinary  circumstances, 
the  salivary  digestion  affects  the  starchy  foods.    The  food  is 
chewed  in  the  mouth  and  mixed  with  saliva,  but  the  bolus  is  swal- 
lowed much  too   ^icdy  to  allow  the  ptyalin  to  complete  it3  action 
Ivoco.it  investigators  show  that  come  of  the  food  in  a  moal  remains 
at  the  fundi c  end  of  the  stomach  for  an  hour  untouched  by  the  acid 
secretion.    Hence,  we  are  led  to  believe  that  salivary  digestion 
is  carried  on  in  the  stomach  to  a  great  eirtent. 

Vith  cooked  starch  or  starch  paste  the  action  of  the  ptyalin 
takes  place  more  readily  than  with  raw  starch.    In  the  latter  case 
the  starch  grains  are  said  to  be  inclosed  ■ ;  i  uh  a  layor  of  cellu- 
lose which  resists  the  action  of  the  ptyalin.    In  the  former  case, 
however,  when  t^e  starch  is  boiled,  the  cellulose  layer  is  de- 
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stroyed  exposing  the  starch  grains  "ithin  to  the  action  of  tho  en- 
zyme;   besides  this,  tho  starch  has  become  hydrated,  a  condition 
much  more  favorable  for  the  occurrence  of  a  reaction  between  it  and 
the  onzyme.    Hence  it  is,  that  we  see  one  of  the  practical  values 
of  cooking  vegetable  foods. 

Besides  those  chemical  functions,  the  saliva  performs  other 
functions  which  are  almost  equally  as  important.    3y  mointenin^  tho 
food  the  saliva  allows  free  passage  of  the  masticated  mass  down 
tho  oosophagus  serving  as  a  lubricator  and  also  at  the  same  time 
stimulating  the  tasto  nerves  and  oxciting  the  gastric  Juices  In 
tho  ntomach  for  l^ter  assimilation. 


19. 


FfcRT  2. 

THK  GASTRIC  GLANDS 

Gross  Anatomy 

Having  considered  the  structure  of  the  salivary  glands, 
their  peculiar  characteristics  and  also  their  digestive  action, 
we  shall  nor  deal  rith  the  chemical  and  mechanical  changes  in 
the  food  taring  it3  stay  In  the  stomach  and  the  extent  to  which 
the  products  of  digestion  are  absorbed. 

The  tubular  glands  that  are  situated  throughout  the  mucous 
.lombranes  of  the  stomch  d  iff  or  in  their  histological  structure 
and  ir  their  secretion  in  different  oarts  of  the  stomach.  There 
are  tuo  and  sometimes  three  types  of  glands  distinguished,  the 
pyloric,  fundic,  (and  cardiac).    Those  glands  in  the  pyloric  mrt 
of  the  stomach  ore  characterized  chiefly  by  the  fact  that  only 
one  tjJM  of  gland  cell  is  found  in  the  secreting  Dart  of  the  tubu- 
le, the  -entic  coll,  rhile  in  the  remainder  of  the  stomach,  but 
particularly  in  the  middle  or  pre-nyloric  region,  the  glands, 
(fundic  glands)  are  distinguished  by  the  presence  of  tuo  types 
of  cellr,  the  chief  or  central  cells  and  the  parietal  or  border 
colls. 

The  third  type  or  cardiac  glands,  is  found  around  the  car- 
di^ ,  but  its  area  of  distribution  varies  in  different  animals, 
and  its  histological  features  are  not  very  definite. 

The  central  cells  are  said  to  furnish  the  digestive  enzymes 
of  the  stomach,  pepsin  and  rennin,and  the  peristal  cells  the  hydro- 
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chloric  ecid.    From  a  physiological  standpoint,  it  is  important 
to  remember  that  the  perietal  colls  are  mossed  in  the  glands  of 
the  middle  or  pro-pyloric  region  of  the  stomach,  that  they  are 
scanty  in  the  fundus,  end  totally  absent  in  the  pyloric  region, 
Gutzner  colled  special  attention  to  this  relation,  and  in  regard 
to  tho  differences  in  mo\renent  in  these  two  parts  of  the  stomach, 
he  suggests    that  normally  the  bulk  of  food  towards  the  fundic  end 
of  the  stomach  becomes  impregnated  with  pepsin  first;     as  it  slow- 
ly moves  into  the  nre-pyloric  region,  the  acid  constituent  is  add- 
ed.   Tho  pyloric  glands  are  said  to  secrete  an  alkaline  li  uid 
containing  pepsin  and  they  form  a  substance  capable  of  acting  as 
■  chemicol  excitant  to  the  glands  secreting  the  gestric  juice. 
This  excitant  is  called  the  gastric  secrotin  or  "gastric  hormone." 

Histological  Structure 

In  regard  to  the  histological  structure  of  the  glands, 'the 
cardiac  glands  are  said  to  be  of  two  types:    1)  Simple  tubules, 
2)  Small  tubulo-racemose  glands.    Tho  letter  are  the  most  common 
in  man;    the  former  occur  in  considerable  numbers  in  the  lower 
onirao Is. 

The  secreting  tubulos  of  the  racemose  glands  are  lined  by 
cells  which  are  grandular  in  appearance  and  of  a  short  columnar 
form,  and  of  tho  same  nature  throughout  tho  length  of  the  tubule 
excopt  near  tho  orifice  of  the  duct  where  they  give  place  to  col- 
umnar mucous-secrotlng  cells. 

In  the  glands  of  tho  fundus,  tho  tubulos  are  usually  rein- 
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tively  lonj  and  tha  duct  short.    The  epithelium  of  the  tubules  is 
composed  of  two  sets  of  cells,  the  perietal  and  central,  termed 
from    their  relative  positions  in  the  tubules. 

The  central  cells  ?ro  of  two  types:     1)  The  tyoe  which  are 
not  stained  with  haenr  toxylin ,  although  their  cytoplasm  is  strong- 
ly basophil  in  aniline-stained  sections.     The  nucleus  is  spherical 
and    is  usually  near  the  niddle  of  tho  cell.     In  the  resting  gland 
the  cytoplasm  contains  distinct  granules  most  numerous  near  the 
inner    zone.    Aftor  a  period  of  activity,  the  granules  diminish 
in  number  and  the  clear  outer  zone  encroaches  upon  the  granular 
inner  zone.     It  is  believed  that  the  granules  contain  pepsinogen 
which  is  converted  into  pepsin  rhen  discharged.    Hence,  these  cells 
may  be  aprropri ntely  called  the  peptic  cells  of  the  fundic  glands. 

2)  The  central  cells  of  the  second  type  are  different  in  ap- 
pearance and  in  reactions  to  stains  from  those  of  the  first  group. 
They  are  larger  and  clearer  and  are  stained  blue  by  llallory,  like 
mucin-containing  cells;    whereas,  the  cytoplasm  of  the  peptic  colls 
is  colore d  yellor  ish -brown  by  the  reagent.    The  cytoplasm  has  no 
obvious  granules;     the  nucleus  is  either  flattened  against  the  at- 
tached end  of  the-  cell  or  wedged  into  it.    This  second  type  of 
central  cell  i3  called  the  "mucoid.* 

The  pariotal  cells  are  a  number  of  large  spheroidal  or  ov- 
oid*l  cells  scattered  along  the  tubule  lying  between  the  central 
cells  and  the  basement  membrane.    Each  of  these  cells  is  penetrat- 
ed by  a.  not-work  of  minute  passages  communicating  with  the  lumen 
of  the  jland  by  a  fine  canal  passing  between  the  central  cells. 
They  are  sometimes  present  in  the  nock  of  the  gland  or  even  at  the 
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surface  of  the  stomach.    In  these  places  they  are  wedged  in  be- 
tween the  ordinary  epithelium  cells. 

In  the  glands  of  the  pyloric  canal,  the  ducts  are  longer 
than  those  of  the  fundus  glands  and  the  secreting  tubules  possess 
cells  of  only  one  kind.    These  are  quite  similar  to  the  •mucoid" 
cell.:  of  the  fundus  glands  which  have  flattened  basal  nuclei. 
They  have  an  indistinctly-granular  appearance  and  are  said  to  yield 
pepsin  to  the  gastric  juice.    They  are,  however,  quite  different 
from  the  peptic  cells  of  the  fundus  glands. 

Histological  Changes  During  Secretion 

The  cells  of  the  g  r:tric  glands,  esaoci^lly  the  central  cells 
she*-  rrrked  changes  as  a  result  of  a  period  of  prolonged  activity. 
It  v: -  s  founi  by  ''eilonhain,  r  f  tor  :r  v in |  tofcflB  nro~er-.To;!  ci- 
ne ns  from  dogs  fed  at  intervals  of  twenty -four  hours,  that  in  the 
f^stin^;  condition  the  central  cells  were  large  and  clear,  that 
during  the  first  six  hours  of  digestion,  the  central  cells  as  well 
as  the  parietal  cells  increased  in  size,  but  that  in  a  second  period 
from  the  sixth  to  the  fifteenth  hour,  the  central  cells  became 
gradually  smaller,  while  the  r>arietal  cells  remained  large  or  even 
increased    in  size.    After  the  fifteenth  hour,  the  central  cells 
increased  in  size,  gradually  assuming  the  condition  as  held  in 
the    fasting  condition. 

Lanjley  was  able  to  folia:-  the  changes  in  a  more  satisfactory 
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nay  by  making  observation?  directly  upon  living  glands.    He  found 
that,  in  the  fasting  stage,  the  central  cells  are  charged  with 
granules,  and  that  during  digestion  the  granules  are  dissolved, 
disappearing  first  of  all  from  the  base  of  the  cell,  which  becomes 
filled  rith  a  non-granulnr  material.     It  has  been  demonstrated  that 
possibly  these  granules  are  the  preparatory  material  for  the  pro- 
duction of  gastric  enzymes  during  the  act  of  secretion.  Hence, 
those  granules  are  oftentimes  called  the  zymogen  granules. 

Gastric  Secretion 

The  secretion  of  the  gastric  membrane  is  formed  in  the  small 
tubular  glends  distributed  over  its  surface.    Obtaining  the  juice 
is  a  difficult  procedure  since  there  is  no  common  duct  where  it 
may  colloct  in  sufficient  portions. 

Numerous  methods  r-ere  invented  for  the  collecting  of  the  gas- 
tric juico  or  for  its  analysis,  but  most  of  them  proved  unsatisfac- 
tory.   A  better  method  of  obtaining  normal  juico  was  suggested  by 
Peaumont  in  his  famous  observations  upon  Alexis  St.  Martin.  St. 
J'artin,  by  i  premature  discharge  of  his  gun,  was  wounded  in  the 
abdomen.    Urson  healing,  a  fistula  was  formed  in  the  abdomenal  wall 
leading  to  the  stomach,  so  that  the  contents  of  the  latter  could 
be  inspected.    Beaumont  made  numerous  interesting  experiments  upon 
his  patient.    Since  that  time  it  has  become  common  to  make  fistu- 
lous openings  into  the  stomachs  of  dogs  whenever  an  examination  of 
the  normal  juice  was  necessary. 
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From  the  standpoint  of  experimental  investigation,  a  very 
important  addition  was  m~de  to  our  methods  by  Heidenhain.    He  show- 
ed  that  a  portion  of  the  stomach,  the  pyloric  for  instance,  might 
be  cut  away  from  the  rest  of  the  organ  and  be  given  artificial 
opening  to  the  exterior,  whence  the  gastric  secretion  may  be 
obtained  and  examined  as  to  its  properties. 

The  normal  gastric  secretion  is  a  thin,  colorless  liquid  with 
a  strong  acid  reaction  and  a  characteristic  odor*     Its  specific 
gravity  Is  variable,  but  the  average  is  about  1.002.    Upon  analysis 
it  is  found  to  contain  mucin,  protein  and  inorganic  salts,  but  the 
chi^f  constituents  are,  hydrochloric  acid,  and  possibly  the  en- 
zymes, nercsin,  rennin, ^nd  lipase.     In  dogs,  according  to  Rosemann, 
the  secretion  has  a  specific  gravity  of  1.00?  to  1*004  and  contains 
•4P77  r>or  cent  of  dry  material  of  which  .1325  per  cent  is  ash. 
Upon  analysis  of  the  ash,  it  was  found  to  contain  24  per  cent 
potassium,  19  per  cent  sodium,  and  .18  per  cent  of  calcium.  The 
hydrochloric  acid  amounts  to  .55  per  cent.    Rosemann  stated  that 
during  a  secretion  that  lr sted  for  three  and  one  quarter  hours  in 
one    animal,  about  5  grams  of  chlorin  were  given  off  in  the  secre- 
tion in  the  form  of  chlorids,  an  amount  which  13  equal  to  that 
contained  in  the  entire  blood. 

The  one  most  outstanding  and  interesting  feature  of  the  gas- 
tric juice  is  the  manner  in  which  it  withstands  putrefaction.  It 
mr-y  be  kept  for  month.3  at  a  time  without  becoming  putrid  and  with 
very  little  change,  if  any,  in  its  total  acidity.    This  character- 
istic which  it  possesses  shows  it  to  have  antiseptic  properties, 
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which  fact  is  attributed  to  the  presence  of  the  free  acid. 

a*    Nature  of  the  Acid 
The  nature  of  the  free  acid  in  the  gastric  juice  v/as  previous- 
ly the  subject  of  dispute,  some  contending  that  the  acidity  r:as 
due  to  the  presence  of  hydrochloric  acid,  vhile  others,  that  an 
organic  acii,  called  "lactic  acid",  nas  present  in  the  secretion, 
recent  investigators  have  proved  the.t  the  acidity  is  due  to  the 
hydrochloric  acid.    Schmidt  first  demonstrated  satisfactorily  by 
analysis  that,  if  in  a  given  specimen  of  gastric  juice,  the  chlorid 
v-ere  all  precipitated  by  silver  nitrate  and  the  total  amount  of 
chlorin  determined,  it  v/as  found  that  there  v?as  more  chlorin  pre- 
sent than  could  be  held  in  combination  by  the  bases  in  the  secretion 
Apparently,  some  of  the  chlorin  must  have  been  in  combination  vith 
hydrogen  as  hydrochloric  acid.      The  percentage  of  hydorchloric 
acid  in  the  gastric  juice  M  it  is  obtained  from  a  fundic  sac  in 
the  stomach  varies  from  .4  to  .5  per  cent;    this  supposedly  re- 
presents the  concentration  of  the  acid  in  the  juice  as  it  is  se- 
creted • 

The  acidity  of  the  contents  of  a  normal  stomach  during  di- 
gestion v/as  found  to  be  much  lorer,  varying  around  .2  per  cent 
as  a  maximum.    This  lov;  acidity  may  be  accounted  for  partially  by 
dilution,  the  neutralization  from  the  alkaline  salts  of  the  saliva 
or  the  gastric  mucosa,  or  by  combination  of  the  r>rotein  in  the 
food,  but  it  is  reduced  mainly  by  the  regurgitation  of  the  alkalin 
duodenal  contents  ^hich  occurs  periodically  during  digestion.  It 
is  maintained  that  this  regurgitation  is  a  self-regulating  mechan- 


ism  for  maintaining  a  lor'  acidity  of  the  gastric  contents. 

A  distinction  is  made  by  clinicians  between  the  free  and 
combined  acid  in  the  gastric  secretion,    Df  free  acid  is  meant 
that  the  acid  exists  in  solution  and  is,  therefore,  largely  dis- 
sociated with  the  production  of  a  corresponding  amount  of  hydro- 
gen ions.    3y  the  term  •combined "  acid  is  meant  the  acid  which  in 
some  ray  is  combined  with  the  protein  material.     In  this  form  the 
acid  is  less  dissociated  and  the  acidity  or  the  concentration  of 
hydrogen  ions  is  less.     It  is  preferable  to  abandon  the  use  of  the 
terms  free  and  combined  acid  for  physiological  purposes,  and  in- 
stead to  express  the  degree  of  acidity  in  terms  of  the  actual 
hydrogen  ion  concentration  M  the  activity  of  the  pepsin  is  con- 
trolled by  this. 

Experiments  shor  that  an  acidity  as  high  as  one  tenth  nor- 
mal, which  concentration  was  given  the  secretion  by  some  investi- 
gators, is  not  favorable  to  the  digestive  action  of  pepsin,  and 
as  a  matter  of  fact,  it  is  found  that  in  ordinary  digestion  the 
ecidity  of  the  stomach  contents  is  always  lower.    »e  can  reason- 
ably assume  that  this  reduction  in  the  acidity  is  not  a  matter  of 
chance  but  a  properly  regulated  adaptation  to  ensure  the  most 
favorable  c and  it  i  ons • 

b.    Origin  of  Hydor chloric  Acid 
The  fact  that  the  acid  of  the  gastric  juice  is  a  mineral 
acid  possessing  considerable  strength,  has  excited  much  interest. 
TIany  attempts  have  been  made  to  discover  the  histological  elements 
concerned  in  the  secretion  and  the  nature  of  the  chemical  reaction 
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by  which  it  is  produced. 

In  regard  to  the  histological  elements  which  entor  into  the 
secretion,  it  was  first  believed  that  the  parietal  cells  of  the 
gastric  tubules  constitute  the  acid  secreting  cells.    This  belief 
was  founded  uion  the  fact  that  in  the  region  where  these  cells 
were  present,  the  secretion  is  distinctly  acid,  and  where  they  are 
nbsent  or  few  in  number,  the  secretion  is  alkaline  or  less  acid. 
For  instance,  in  the  pyloric  region  these  colls  are  lacking  and 
the  secretion  is  alkaline.    By  microchemical  reactions  it  was 
clearly  seen  that  the  parietal  colls  are  particularly  rich  in 
chlorids,  and  this  fact  serves  to  associate  them  with  the  produc- 
tion of  the  acid.    It  appears  evident  that  the  hydrochloric  acid 
rust,  in  the  long  run,  be  formed  from  the  chlorids  in  the  blood. 
The  chief  chlorid  is  sodium  chlorid,  and  by  some  means  this  com- 
pound is  broken  ut>;    the  chlorine  is  combined  with  hydrogen  and  is 
then  distributed  upon  the  surface  of  the  stomach  as  hydrochloric 
acid.    To  support  this  fact,  it  has  been  shown  that  if  the  chlor- 
ids in  the  blool  are  reduced  by  eliminating  then  from  the  food  for 
a  time,  the  g?strie  secretion  no  longer  contains  acid.  KoY/ever, 
UT?on  the  addition  of  sodium  bromide  or  potassium  iodide  to  the 
food,  there  is  brought  about  the  formation  of  hydrogen  bromide  and 
hydrogen  iodide,  together  with  hydrochloric  acid  in  the  ^stric 
juice.    Lfely  has  suggested  that  acid  phosphates  may  be  produced 
in  the  first  instance,  and  then  by  reacting  with  the  sodium 
chlorii  may  produce  hydrochloric  acid  according  to  the  formula: 
Na  :igK)4+NaCl  ->  NagHTO^ICL. 
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Other  theories  hove  been  proposed,  but  no  explanation  of  the 
details  of  this  reaction  is  satisfactory.    Many  attempts  have  boon 
made  on  the  Dart  of  numerous  observnrs  to  determine,  by  micro- 
chemlcal  methods,  the  exact  point  in  the  gastric  glands  at  which 
the  acid  is  formed.    Harvey  and  Bensley,  by  making  use  of  dyes, 
state  that  the  free  acid  is  found  only  on  the  internal  surface 
of  the  stomach  or  in  the  neck  of  the  glands.     The se  observers  ad- 
vance the  hypothesis,  then,  that  the  parietal  cells  secrete  a 
chlorid  of  an  organic  ba.3e,  and  this  compound,  in  some  nay,  yields 
free  hydrochloric  acid  only  after  it  roaches  the  mouth  of  the 
gland,      hile  the  ultimate  source  of  the  chlorine  of  the  hydro- 
chloric acid  is  to  be  found  in  the  neutral  chlorids  of  the  blood 
certain  intermediate  compounds  are  formed  within  the  parietal 
cells  from  rhich  the  acid  is  eventually  produced. 

Normal  LIechani3m  of  the  Secretion 

It  has  usually  been  assumed  that  the  gastric  glands  are 
quiescent  v*ten  the  stomrch  is  empty  and  are  stimulated  to  acti- 
vity during  the  eating  and  digestion  of  food.    According  to  Carl- 
son, this  view  is  not  wholly  correct,    ^ven  in  the  neriod  of 
fasting  there  is  a  small,  continuous  secretion  varying  from  2  to 
50  c.c.  per  hour.    During  the  act  of  eating,  ho -ever,  and  through- 
out the  period  of  digestion,  the  rate  of  secretion  is  greatly  in- 
creased reaching  a  flor  of  as  much  as  3.5    c.c.  per  minute. 

The  present-day  explanation  of  the  origin,  maintenance  and 
regulation  of  the  f lor  of  secretion  is  c?r.iefly  due  to  the  efforts 
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of  Pavlov.    He  disrupted  the  former  theory  of  gastric  secretion 
by  showing  that  mechanical  stimulation  of  the  gastric  raucous  mera- 
brane  has  no  of feet  on  the  seer at ion  of  tho  tubules. 

In  an  ordinary  meal,  the  secretion  is  first  caused  to  flow 
by  the  sensations  of  eating,  -  a  psychical  secretion.    The  affer- 
ent stimuli  originate  In  the  mouth  and  nostrils;  the  efferent  path- 
is  through  the  vagus  nerve.    This  reflex  insures,  at  least,  the 
beginning  of  gastric  digestion,  but  its  effect  is  further  c om- 
nia ted  by  action  in  the  stomach  itself.    Certain  foods,  it  seems, 
contain  substancos  designated  as  *secretago0ues" ,  that  are  able  to 
bring  about  a  secretion  of  gastric  juice  when  taken  into  the  stom- 
ach.   TTence,  me?t  extracts  and  juices,  soups,  etc.  are  particu- 
larly effective  in  this  respect.    Milk  and  water  cause  less  se- 
cretion.   In  certain  common  articles  of  food,  such  as  bread  and 
white  of  eggs,  these  ready-formed  "secretagogue 3"  are  lacking  and 
they  have  no  effect  of  this  kind  at  all.    If  they  are  introduced 
into  the  stomach  of  a  dog  through  a  fistulous  opening  in  order 
not  to  arouso  a  psychical  secretion,  as  for  example,  when  the  ani- 
mal is  sleeping,  they  cause  no  flow  of  g-.stric  Juice  and  are  not 
digested.     hen  such  articles  are  eaten,  however,  they  cause  a 
psychical  secretion,  and  when  this  has  acted  upon  the  foods,  some 
products  of  their  digestion  in  turn  arouse  a  further  flow  of  gas- 
tric juice. 

The  mechanism  of  secretion,  then,  takes  place  in  three  steps 
1)  The  psychical  secretion  or  appetite  secretion.    2)  The 
secretion  from  "socretago^ues"  contained  in  the  food.    3)  The  3e- 
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cretajojues  secretion  contained  in  the  products  of  digestion. 

It  cannot  bo  statod  positively  the  manner  in  which  the  se- 
cretaires act.    As  the  gastric  glands  possess  secretory  norve 
fibers,  the  first  suggestion  offering  itself  is  that  the  secrota- 
gogues,  by  acting  on  the  sensory  fibers  in  th©  gastric  nucous 
membrane,  reflexly  stimulate  the  secretory  fibers.     This  explana- 
tion, however,  has  been  rendered  untenable  by  the  fact  that  the 
effect  of  these  substances  has  been  obtained  after  complete  sever- 
ance of  the  nervous  connections  of  the  stomach.     If  this  so-called 
chemical  secretion,  then,  is  produced  by  a  nervous  reflex,  the 
nerve  centers  concerned  must  lie  in  the  stomach  itself,  the  re- 
flex mast  take  place  through  tho  intrinsic  ganglion  cells. 

Another  explanation  of  the  action  of  the  secretagogues  has 
been  offered  by  "dkins,  shoving  that  decoctions  of  the  pyloric 
mucous  membrane  made  by  boiling  in  water,  rcid,  or  peptone  solu- 
tions, when  injected  into  the  blood,  cause  a  marked  secretion  of 
gastric  Juice.    These  substances,  when  injected  alone  into  the 
blood,  cause  no  3uch  effect,  and  decoctions  of  the  mucous  membrane 
of  the  fundic  end  of  the  stomach  are  without  action  on  the  gastric 
socretion.    T^dkins,  therefore,  suggests  that  the  secretagogues, 
whether  preformed  in  the  food  or  formed  during  digestion,  act  upon 
the  pyloric  mucous  membrane  and  form  a  substance  which  he  desig- 
nates as  •gastrin"  or  "gastric  secretin",  and  this  substance  after 
absorption  into  the  blood,  is  carried  to  the  gastric  glands  and 
stimulates  them  to  sec rot ion. 

The  effect,  then,  is  not  a  reflex  of  the  usual  nervous  type, 
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but  an  instance  of  the  stimulation  of  ono  organ  by  chemical  ;~ro- 
ducts  formed  in  another.      Starling  has  emphasized  the  fact  that 
this  mode  of  control  in  frequently  employed  in  the  body.    He  pro- 
no^es  to  designate  such  substances  by  the  general  term  of  •hormones". 
The  specificity  of  its  origin  and  the  fact  that  it  acts  upon  the 
rancraas  as  well  as  the  gastric  glands,  has  caused  some  observ- 
ers to  doubt  rhether  the  part  it  plays  is  exactly  that  as  describ- 
ed by  "dkins.    The  chemical  nature  of  it  has  not  been  determined 
definitely,  but  it  seems  to  be  a  brsic  body  containing  an  imi- 
dazol  grouping  and  related  in  structure  to  histamine. 

It  is  important  to  emphasize  the  fact  that  in  the  normal 
secretion  of  g-stric  juice,  i.e.  in  the  secretion  which  takes 
pl^ce  during  an  ordinary  meal,  re  must  distinguish  between  an 
nervous  secretion  due  to  the  action  of  the  secretory  nerves  in  the 
vagus,  end  a  chemical  secretion  which  is  due  to  the  chemical  stim- 
ulation of  the  secretagogues  or  of  the  hormones  produced  by  them. 

According  to  the  researches  of  "ftvlov  and  his  coworkers, 
there  seems  to  be  an  indication  that  the  quantity  and  properties 
of  the  secretion  vary  with  the  character  of  the  food.    Other  con- 
ditions being  the  same,  the   quantity  of  the  secretion  varies  with 
the  amount  of  food  to  be  digested,  and  so  far  as  the  psychical  or 
appotito  secretion  is  concerned,  with  the  palatableness  of  the 
food.    Different  kinds  of  food  produce  secretions  varying  not  only 
as  regards  quantity  but  also  in  their  acidity  and  digestive  action. 
The  secretion  produced  by  bread,  though  less  in  quantity  than  that 
caused  by  meat,  has  a  greater  digestive  action.    On  a  given  diet, 
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the  secretion  rssumes  certain  ehrxactor  istics,  and  Ravlov  is  fur- 
ther convinced  that  further  r;ork  rill  dinclose  the  fact  that  the 
secretion  of  the  stomach  is  not  caused  normally  by  general  stimuli 
all  affecting  it  alike,  but  by  specific  stimuli  contained  in  the 
food  or  produced  during  digestion,  rhose  action  is  of  such  a  kind 
as  to  arouse  reflexly  the  secretion  best  adapted  to  the  food  in- 
gested •  r—   -,  .    i       ■  ,  ^v-_  


Pig.  6  repre- 
sents ■  chart  on 
which  |a  slotted 
the  variation  in 
quantity  of  gas- 
tric secretion  in 
a  dog  aftor  a  mix- 
ed meal;    there  is 
shor^i  rl~o  the  var- 
iation   in  acidity 
and  in  digestive 
pa  er  • 

One  of  the 
curves  shores  the 
effect  of  a  mix- 
ed diet  of  600  c.c. 
of  milk,  100  gms  . 
of  me*t,  pnd  100 
gms.  of  bread  upon 
the  gastric  secre- 
tion.   It  will  be 
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noticed  that  the  secretion  began  shortly  after  the  ingestion  of 
the  f oo3 ,  and  increased  rapidly  to  a  maximum  that  was  reached  in 
two  hours.    After  the  second  hour,  the  flow  decreased  rapidly  and 
uniformly  to  about  the  tenth  hour.    The  acidity  rose  slightly 
between  the  first  and  second  hours,  and  then  fell  gradually. 
The  digestive  porer  sh owed  an  increase  between  the  second  and 
third  hours. 

Secretory  Nerves  of  the  Gastric  Glands 

rfcvlov  first  demonstrated  that  the  secretion  of  the  gastric 
Juice  is  under  the  control  of  the  nervous  system  and  that  the  se- 
cretory fibers  are  contained  in  the  vagus.      lien  a  direct  stimu- 
lation It  brought  to  the  peripheral  end  of  a  cut  vagus,  there  i9 
caused  a  secretion  of  the  gastric  juice  after  a  Ions,  latent  per- 
iod  of  rev^ral  minutes.    This  latency  may  be  due  possibly  to  the 
presence  in  the  vagus  of  inhibitory  fibers  to  the  gland  which, 
stimulated  simultaneously  with  the  secretory  fibers,  delay  the  ac- 
tion of  the  littor. 

A  striking  proof  of  the  fact  that  the  secretion  is  due  to 
the    action  of  vagus  fibers  is  furnished  by  such  an  experiment  as 
was  performed  by  "avlov ,    He  divided  the  oesophagus  in  the  neck 
and  brought  the  two  ends  to  the  skin  in  order  to  make  separate 
fistulous  openings  to  the  exterior.    Undor  those  conditions,  vhan 
the  animal  ate  and  svallor^ed  foodf  it  was  discharged  to  the  ex- 
terior insterd  of  enter ing  the  stomach.    The  animal  thus  had  the 
enjoyment  of  eating  without  actually  filling  the  stomach,  ".ating 
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in  this  stylo  forms  what  the  author  colled  a  "fictitious  or  sham 
meal1*..  It  was  found  that  It  causes  an  abundant  flow  of  gastric 
Juice  as  long  as  the  vagi  are  intact,  but  has  no  effect  upon  the 
secretion  when  these  nerves  are  cut.    .Evidently  then,  the  sensa- 
tions of  teste,  odor,  etc.  developed  during  the  mastication  and 
swalla  inr  of  food,  set  up  refloxly  a  stimulation  of  secretory 
fibers  in  the  vagus.     Pavlov  calls  a  secretion  produced  in  this  way 
a  "psychical  secretion",  a  term  which  implies  that  the  reflex  must 
be  attended  by  conscious  sensations.    Other  observers,  as  Carlson, 
designate  this  form  of  secretion  as  the  "appetite  secretion".  In 
favorable  eases,  the  fictitious  feeding  has  been  continued  for  five 
or  six  hours  and  a  large  amount  of  gastric  juice  hrs  been  collected 
from  i.  fistula,  althoujh  no  food  actually  entered  the  stomach.  The 
psychical  secretion,  it  was  found,  once  started,  may  continue  for  a 
Ions  time  after  the  stimuli  have  ceased,  and  it  was  also  found  to  be 
of  the  same  chemical  composition  as  that  produced  when  the  food 
enters  the  stomach. 

The  Gastric  Digestive  Enzymes 

a  •     3b  r>3  in 

"epsin  Is  a  proteolytic  enzyme  that  exhibits  the  peculiar- 
ity of  acting  only  in  an  acid  media;    therefore,  peptic  di^jestion 
in  the  stomach  is  the  result  of  the  combined  action  of  pepsin  and 
hydrochloric  acid.     "epsin  is  influenced  in  its  action  by  tempera- 
ture, as  are  other  enxynos,  lo-  temoeratures  retarding  its  action 
and  sometimes  even  suspending  it,  while  a  high  temperature  will  in- 
crease it.    The  maximum  temperature  is  stated  to  be  from  37°  C .  to 
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40°  C,  while  exposure  for  3one  tine  to  30°  3.  results  in  the 
total  destruction  of  the  enzyme. 

Laboratory  preparations  of  pepsin  are  made  conveniontly  by 
mincing  thoroughly  the  gastric  mucous  membrane  and  then  extract- 
ing for  a  long  time  with  glycerin.      Airor  preparations  of  pepsin 
are  mnde  by  what  is  known  cs  the  "Brucke's  method"  in  which  the 
mucous  membrane  is  minced  and  is  then  self-digested  with  a  5  per 
cent  solution  of  phosphoric  acid.    The  phosphoric  acid  is  precip- 
itated by  the  addition  of  lime  water,  and  the  pepsin  is  carried 
do*-n  in  the  prec  i  pit  ate.    The  precipitate,  after  being  washed,  is 
carried  into  solution  by  dilute  hydrochloric  acid  and  a  solution 
of  cholasterin  in  alcohol  and  ether  is  added.    The  cholesterin 
is  precipitated  and,  as  before,  crrries  down  rith  it  the  pepsin. 
This  pracipltate  is  collected,  washed  carefully,  and  then  treated 
repeatedly  with  ether,  which  dissolves  and  removes  the  cholester- 
in leaving  the  pepsin  in  aequous  solution.    This  method  is  in- 
teresting not  only  because  it  produces  a  pure  form  of  pepsin  but 
also  in  that  it  illustrates  one  of  the  properties  of  enzymes, 
vis.  the  readiness  with  which  they  are  absorbed  by  precipitates 
in  their  solutions. 

It  is  supposed  that  pepsin  is  formed  in  the  central  colls 
of  the  gastric  tubules,  but  is  present  in  the  colls  as  a  zymogen 
or  propepsin  which  is  not  changed  to  the  active  pepsin  until  after 
secretion.    The  propepsin  can  be  readily  extracted  from  the  mu- 
cous membrane,  and  since  it  is  kno<~n  that  the  zymogen  is  convert- 
ed   uickly  into  active  pepsin  bTT  the  action  of  the  acids,  it  is 
obvious  that  in  the  normal  grstric  juice  the  existence  of  the 
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hydrochloric  acid  insures  that  all  the  pepsin  shell  be  present 
^  in  active  form. 

b.  Rennin 

The  characteristic  possessed  by  the  calf's  stomach  of  curd- 
ling milk  has  been  known,  from  remote  times.    This  action  takes 
place  with  remarkable  rapidity  under  favorable  conditions,  a  large 
mass  of  milk  netting  to  a  firm  coagulum  within  a  short  period  of 
time.    It  ha  s  been  shorn  that  this  effect  is  due  to  an  enzyme  call- 
ed ■ronnin"  or  "rennet".    The  rennin,  like  the  pepsin#  is  supposed 
to  be  formed  in  the  chief  cells  of  the  gastric  tubules  and  to  bo 
present  in  the  glands  in  a  zymogen  form,  the  nrorennin  or  *prochy- 
mosin",  which  after  the  secretion  is  converted  into  the  active 
enzyme.    This  conversion  takes  place  readily  under  the  influence 
of  acid.    Rennin  may  be  obtained  easily  from  the  mucous  membrane 
of  the  stomach  by  extracting  with  glycerin  or  water,  or  by  digest- 
ing with  dilute  acid.    Good  rennin  extracts  cause  the  milk  to  clot 
with  great  rapidity  at  a.  temperature  of  40  rJ.;  the  time  of  clotting 
is  said  to  vary  inversely  as  the  amount  of  rennin,  or  the  product 
of  the  amount  of  rennin  and  the  time  necessarv  for  clotting  is  a 
constant.    The  cuddling  of  milk  involves  two  independent  processes: 
first,  the  rennin  acts  uron  the  casein  in  the  milk  and  converts  it 
into  a  substance  known  as  "r>aracaseln"  •    The  r\  racasoin  then  reacts 
*     \JF        with  the  calcium  salts  of  the  milk,  forming  an  insoluble  crotein 

which  constitutes  the  curd  or  coagulum.     "hat  takes  place  when  the 
casein  is  converted  to  paracasein  is  not  understood.    3ome  physiolo- 
gists have  regarded  the  change  as  a  cleavage  process  although  ti  is 
view  has  been  denied  by  others.    Others  have  supposed  that  a  trans- 
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formation  or  rearrangement  of  molecular  structure  occurs.    The  dif- 
ferences, however,  in  properties  between  casein  and  paracasein  are 
not  great,  tho  most  narked  difference  bo  in;:  that  the  latter,  in 
presoiice  of  calcium  salts,  cives  an  insoluble  congulum.     If  sol- 
uble calcium  salts  are  removed  from  mil!:  by  oxalate  solutions,  the 
milk  doos  not  curdle  upon  the  addition  of  rennin.    The  addition  of 
lime  salts  restores  this  property.    Casein  is  also  precipitated 
from  milk  by  an  addition  of  an  excess  of  acid.      "hen  milk  stands 
for  come  time,  the  action  of  b3Ctoria  upon  the  milk-sugar  leads  to 
the  formation  oM  lactic  acid;    when  this  acid  reaches  a  certain  con- 
centration, it  causes  a  precipitation  of  the  casein. 

The  action  of  ronnin  is  confined  to  nilk  so  far  as  positive 
knowledge  of  it  is  concerned.    Casein  is  the  chief  protein  constit- 
uent of  milk  and  has,  therefore,  an  important  nutritive  value.  The 
value  of  tho  curdling  action  is  not  at  once  apparent,  but  we  may 
assume  that  casein  is  more  easily  digested  under  the  conditions 
that  exist  in  the  body  after  it  has  been  brought  to  a  solid  form, 
or  perhaps  the  coagulation  of  the  casein  Insures  that  it  frill  bo 
retained  in  the  stomach  and  be  submitted  to  gastric  digestion  in- 
stead of  being  ejected  promptly  into  the  duodenum  as  occurs  with 
liquids.    Tho  action  of  rennin  goes  no  further  than  the  curdling; 
the  digestion  of  tvo  curd  or  coagulum  is  carried  on  by  the  pepsin, 
and  later  by  trypsin  in  the  intestines,  as  in  the  case  of  other 
proteins. 
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(Sequel) 

These  gastric  digestive  enzymes  are  unequally  distributed 
in  different  animals  and  undergo  changes  in  their  potency  even 
in  the  same  animal.    'Ve  find  that  reimin  is  especially  profuse 
in  the  stomachs  of  suckling    animals,  and  that  its  amount  gradually 
diminishes  as  the  animals  mature.     Its  place  is  then  taken  by  the 
pepsin  which  act3  in  an  acid  medium  at  a  time  when  the  adult  stomach 
is  capable  of  more  resistance  than  it  had  a  short  while  after 
birth. 

Digostive  Changes  in  the  Stomach 

It  is  probable  that  the  ptyalin  sa all owed  with  the  focd  contin- 
ues to  exert  its  action  upon  the  starchy  material  In  the  fundus 
for  a  Ion:  time  so  that  in  this  way  the  starch  digestion  in  the 
stomach  may  be  important.    In  regard  to  the  fate,  it  is  usually 
beliovod  that  they  undergo  no  truly  digestive  change  in  the  stom- 
ach.   They  are  set  free  from  their  mixture  with  other  food-stuffs 
by  the  dissolving  action  of  the  gastric  Juice  upon  proteins,  they 
are  liquified  by  tho  heat  of  the  body,  and  they  are  disseminated 
through  the  chyme  in  a  coarse  emulsion  by  tho  movements  of  tho 
stomach.    In  this  way  they  are  mechanically  prepared  so  that  the 

subsequent  action  of  the  pancreatic  juice  is  much  favored.  Some 
5 

observers  have  stated  that  the  gastric  Juice  normally  contains 
a  lipase  capable  of  bringing  about  a  hydrolytic  cleavage  of  the 
neutral  fat  into  glycerin  and  fatty  acid3.  It  would  appear, 
however,  that  this  lipase  is  readily  destroyed  by  an  acidity  of 
.2  per  cent,  hydrochloric  acid,  so  that,  if  it  is  of  functional 
importance  in  gastric  digestion,  its  action,  like  that  of  ptyalin, 
must  be  confined  to  the  early  period  of  digestion  before  the  con- 

5    Hall  and  Keeton," Joun.al  of  Biological  Chemistry" ,1917,32,127. 


c 


39. 

tonts  of  the  stomach  have  reachod  their  normal  acidity. 

Concernin ;  proteins,  tho  point  of  interest  is  as  to  how  far 
they  sre  digested  during  their  stay  in  the  stomach.    The  extent  of 
digestion  varies  under  diffororit  circumstances;    with  the  consis- 
tency of  tte*  food,  the  duration  of  the  stay  in  the  . tomach,  etc* 
In  some  experiments,  it  is  stated  that  48  per  cent,  of  a  given 
amount  of  protein  passed  .hrough  tho  pylorus  as  peptones  and  pro- 
teoses, about  20  per  cent,  entered  tho  intestine  undigested,  and 
20  to  30  per  cent,  absorbed  from  the  stomach.      In  the  liquid  chy- 
me forced  through  the  pylorus  into  the  duodenum,  one  may  find  un- 
changed proteins,  primary  or  secondary  proteoses,  peptones  or 
possibly  cleavage  products  beyond  this  stage.     It  is  stated,  how- 
ever, that  most  of  tho  r.a serial  is  in  the  form  of  proteoses. 

The  true  value  of  peptic  digestion  li  not  so  much  in  its  own 
action  as  in  its  combined  action  r/ith  the  trypsin,  or  the  trypsin 
and  erip3in  found  in  tho  intestine*    The  preparatory  digestion 
in  tho  stomach  is  important  as  regards , protein  foods  from  several 
standpoints:    first  of  all,  in  regard"to  the  mechanical  prepara- 
tion of  tho  food  and  its  discharge  in  convenient  quantities  easily 
handled  by  the  duodenum.    Secondly,  in  the  more  or  loss  complete 
hydrolysis  to  peptones  and  proteoses,  whereby,  the  subsequent 
action  of  the  proteolytic  onzymo3  of  the  intestines  may  bo  accel- 
erated.   In  some  cases,  this  preliminary  action  of  tho  pepsin  -  hy- 
drochloric acid  may  be  quite  necessary.    Native  proteins,  as  serum 
albumin  are  not  acted  upon  by  th*  trypsin,  but,  if  subjected  to 
the  action  of  p'ps in-hydrochloric  acid,  they  are  easily  digested 
by  this  enzyme.    These  facts  seem  to  Indicate  that  the  peptic  di- 
gestion is  not  so  much  an  end  in  itself  as  a  preparation  for  sub- 

•    This  rr.atter  is  further  discussed  on  page  43. 
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sequent  intestinal  digestion*    Therefore,  it  is  possible  to  remove 
the  stomach  without  producing  fatal  results.    The  oesophagus  may 
be  stitched  to  the  duodenum  and  the  animal  may  continue  to  live 
normally.    Special  precautions,  howover,  are  necessary  in  the 
matter  of  feeding. 

a.    Pepsin-hydrochloric  Acid  Digestion 

It  has  long  been  known  that  solid  proteins,  when  oxposed  to 
the  action  of  normal  or  artificial  gastric  Juice,  swell  up  and 
pass  into  solution.    This  soluble  protein  was  known  not  to  bo  co- 
aguable  by  heat,  and  was  remarkable  in  its  being  more  difftssible 
than  othor  forms  of  soluble  proteins.    This  end-product  of  diges- 
tion was  formerly  thought  of  as  a  soluble  protein  with  properties 
fitting  it  for  quick  absorption,  and  to  it  was  given  the  name 
"peptone".    The  process,  however,  is  complicated.    In  the  conver- 
sion to  the  peptono,  so-called,  the  protein  under  digestion  passes 
through  a  number  of  inker nod late  stagQ3.    These  intermediate  stages 
wore  partly  isolated,  and  -ere  given  specific  names,  as  "acid- 
albumin",  "parapeptone" ,  and  "propoptone" .    The  first  step  is  the 
conversion  of  the  protein  to  an  acid  albumin.    This  change  may  be 
considered  as  being  chiefly  an  effect  of  the  hydrochloric  acid, 
yet  in  some  way  the  combined  action  of  the  pepsin  -  hydrochloric 
acid  compound  is  more  effective  than  a  solution  of  acid  alone  of 
the  same  strength.    Like  the  acid  albumins,  the  syntonin  is  readily 
precipitated  on  neutralization.    In  the  beginning  of  the  peptic 
digestion,  then,  if  the  solution  is  neutralized  with  dilute  alkali, 
there  occurs  an  abundant  precipitation  of  syntonin.    Later  on  in 
the  digestion,  neutralization  gives  no  such  effect  -  tho  syntonin 
has  all  passed  to  a  further  stage  of  digestion.    Under  the  influ- 
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once  of  tho  pops in,  tho  syntonin  undergoes  hydrolysis  with  the  pro- 
duction of  a  number  of  bodies  which,  as  a  group ,  are  called  "pri- 
mary proteoses"  or  "protalbumoses" . 

Though  several  numbers  of  this  group  have  been  isolated  and 
given  distinct  names,  so  much  doubt  prevails  as  regards  their  chem- 
ical nature,  that  it  is  best  perhaps  to  regard  them  as  a  group  of 
compounds  which  under  the  continued  influence  of  the  pepsin  under- 
go still  further  hydrolysis  and  form  the  secondary  proteoses  or 
"deutero-albunoses" .    Compared  with  the  primary  proteoses,  the  se- 
condary ones  are  distinguished  by  a  greater  solubility;     they  re- 
quire a  stronger  saturation  of  the  neutral  salts  to  precipitate 
them.    The  secondary  proteoses  undergo  still  further  hydrolysis 
with  the  production  of  peptone.    Hence,  we  can  readily  see  that  the 
several  stages  in  peptic  dig0  tion  are  representor  as  following 
in  sequence. 

It  is  tho  opinion  of  many  authors  that  even  in  the  beginning 
of  tho  digestion  the  protoin  molecule  may  be  split  up  into  several 
complexes  and  that  some  of  tho  end-products  are  formed  early  in 
tho  action.    The  end-result  of  the  action  of  pepsin  in  the  stomach 
is  the  conversion  of  more  or  loss  of  the  protein  of  the  food  into 
simpler  and  more  soluble  peptones  and  proteoses.    The  action  of  the 
pepsin  enzyme  is  a  preparation  for  the  more  complete  hydrolysis 
that  takes,  place  in  the  intestine  under  tho  influence  of  trypsin. 
.Tiile  it  is  a  relatively  weak  proteolytic  enzyme,  it  plays  an  im- 
portant part  in  bringing  about  the  splitting  up  of  the  protein 
molecule,  and  its  value  in  this  regard  is  increased  by  the  fact 
that  it  is  adapted  to  act  upon  proteins  of  all  kinds  and  bring 
them  to  a  stage  suitable  for  the  more  complete  action  of  the  pro- 
teolytic enzymes  of  the  intestine. 
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Absorption  in  tho  Stomach 

It  is  possible  that,  in  tho  stomach,  t^ore  nay  be  an  absorp- 
tion of  the  water,  salts,  sugars,  dextrine,  that  nay  have  been  for- 
med in  salivary  digestion  from  starch  or  that  nay  have  boon  eaten 
as  such.    Besides  this,  absorption  may  occur  of  soluble  or  liquid 
substances  such  as  drugs  or  alcohol  that  have  been  swallov/ed* 

It  was  formerly  thought  that  the  stomach  abnorbs  easily  such 
things  as  water,  salts,  peptones  and  sugars.    Actual  experimenta- 
tion, however,  has  shown,  under  conditions  as  normal  as  possible, 
that  absorption  does  not  take  place  readily  in  the  stomach  -  cer- 
tainly not  as  easily  as  it  does  in  the  intestines.    The  methods  for 
performing  the  experiments  have  varied,  but  best  results  have 
been  obtained  by  establishing  a  fistula  of  the  duodenum  Just  beyond 
the  pylorus  of  the  stomach.    7Ms  type  of  experiment  shows  that 

water,  when  take.,  alone,  is  practi  ally  not  absorbed  at  all  in  the 

6 

stomach.    Von  :*ering*s  experiments  of  this  nature  show  that  as  soon 
as  water  is  introduced  into  the  stomach,  it  begins  to  pass  into 
the  intestine,  forced  out  in  a  series  of  spurts  by  the  contractions 
of  the  stomach.      ithin  a  comparatively  short  while  practically  all 
the  water  can  be  recovered  in  this  way,  none  or  very  little  having 
been  absorbed  in  tho  stomach.    As  an  example,  in  a  large  dog  with 
a  fistula  in  the  duodenum,  500  c.c.  of  water  I  ere  given  through  tho 
mouth.     .ithin  25  minutes,  495  c.c.  had  boe:\  forced  out  of  the 
stomach  through  the  duodenal  fistula.    This  result  is  net  true  for 
all  liquids,  however;    alcohol,  for  oxample,  is  readily  absorbed. 
Tho  absorption  of  salts  in  the  stomach  has  not  been  thorough— 

6    Von  Bering  in  Stain1  s  " Journal  of  -hysiology" ,  13,  445,  1892. 


« 


43. 

ly  investigated.    Sodium  iodide  is  absorbed  very  slowly  or  not  at 
all  in  dilute  solutions,     its  absorption  does  not  become  important 
until  its  solutions  reach  a  concentration  of  3  per  cent,  or  more. 
This  result,  if  applicable  to  all  soluble  inorganic  salts,  would 
indicate  that  under  normal  conditions  they  are  practically  not  ab- 
sorbed in  the  stomach,  since  it  is  not  supposed  that  they  are  nor- 
mally swallowed  in  solutions  as  concentrated  as  3  per  cent.  The 
absorption  of  sodium  iodide  is  said  to  be  very  much  facilitated 
by  the  use  of  condiments  such  as  muctard,  pepper  or  alcohol  which 
act  either  by  causing  a  greater  congestion  of  the  mucous  membrane 
or  by  directly  stimulating  the  epithelial  cells. 

In  regard  to  the  sugars,  the  experiment!;,  of  Von  ."lering  in- 
dicate that  though  absorption  takes  place,  it  is  not  rapid  nor 
marked  unless  the  solutions  are  quite  concentrated;    we  may  infer, 
therefore,  that  in  an  ordinary  meal  the  sugar  formed  from  the 
starchy  foods  by  the  action  of  ptyalin  is  passed  on  to  the  intes- 
tine for  f  irthor  digestion  and  absorption. 

The  fact  whether  or  not  digested  proteins  are  absorbed  from 
the  stomach  has  been  a  matter  of  controversy.    Some  of  the  older 
experimenters  stated  that  as  much  as  20  to  30  per  cent,  of  the  pro- 
tein of  B  meal  might  bo  absorbed  in  the  stomach,  but  tho  results  of 
more  recent  work,  on  the  contrary,  show  that  little  or  no  absorp- 
tion takes  place  in  the  stomach  under  normal  conditions.      hen  a 
definite  amount  of  protein  was  introduced  into  the  stomach  of  an 
experimental  animal,  it  could  all  be  recovered,  as  estimated  by  ni- 
trogen determinations  from  a  duodenal  fistula. 

Fats,  as  we  have  seen,  undergo  no  digestive  changes  in  the 
stomach.    The  processes  of  saponification  and  emulsif ication  aro  as- 
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suned  to  bo  preliminary  stops  to  absorption  and  those  processes 
ually  t^ko  place  aftor  the  fats  have  reached  tho  small  intestin 
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PART  3. 
THE  LIVER 


Gross  Anatomy 

The  liver  is  the  largest  gland  in  the  body  weighing  from 
1,400  to  1,700  gram*    It  is  situated  in  the  upper  part  of  the  ab- 
dominal cavity  rather  more  on  the  right  than  on  the  left  side  and 
immediately  below  the  dianhrar.  into  the  concavity  of  which  its 
upper  rart  fits,  and  reaches  across  the  middle  line  above  the 
pylo-lc  end  of  the  stomach.    A  deep  fissure  incompletely  divides 
the  organ  into  right  and.  left  lobes  of  which  the  ri^ht  is  much 
larger;  on  its  under  surface,  shallow  grooves  mark  off  several 
minor  lobes.    The  upper  surface  is  smooth  and  convex.    The  vossels 
carrying  blood  to  the  liver  are  the  portal  vein  and  the  hepatic 
artery.    Both  enter  it  at  ■  fissure  on  its  under  side  called  the 
"portal  fissure",  Mi  there  also  a  duct  passes  out  from  each  half 
of  the  organ.    The  ducts  unite  to  form  the  hepatic  duct  which  meets 
at  an  acute  angle  the  cystic  duct  proceed iiig  from  the  gall-bladder 
■  hich  is  a  pear-shaped  3ac  in  which  the  bile  or  gall,  as  it  i3  com- 
monly colled,  formed  by  the  liver,  accumulates  when  the  food  is 
not  being  digested  in  the  intestine.    The  common  bile  duct  formed 
by  the  union  of  the  hepatic  and  cystic  ducts,  opens  into  the  duo- 
denum • 

The  liver  Plays  sn  important  part  in  the  general  nutrition  of 
the  body.    Its  functions  are  many  but  on  the  whole  they  depend  up- 
on the  properties  of  the  livor  cell  which  constitutes  the  physio- 
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logical  and  anatomical  unit  of  the  organ.    Those  colls  aro  seem- 
ingly uniform  in  structure  throughout  the  whole  substance  of  the 
liver,  but  a  clear  13  en  of  their  anatomical  relations  to  one  an- 
other and  to  the  bloo3  vessels,  lymphatics  and  bile  ducts  must  bo 
obtained  in  order  to  understand  clearly  the  different  functions 
they  fulfill.     Jach  lobule  is  supplied  with  blood  coming  in  part 
from  the  mortal  vein  and  in  part  from  the  henatic  artery.  The 
blood  from  the  former  source  contains  the  soluble  material  absorb- 
ed from  the  alimentary  canal,  as  sugars  and  amino-acids,  the  split 
products  of  protein.    These  absorbed  products  are  submitted  to  the 
metabolic  activity  of  the  liver  cells  before  reaching  the  general 
circulation.    Besides  this,  each  lobulo  givos  origin  to  the  bile 
capillaries  which  arise  between  the  separate  cells  and  which  carry 
off  the  bile  formed  or  secreted  within  the  cells. 

Histological  Structure 

The  liver  is  compound  tubular  in  structure.    It  is  surround- 
ed by  a  sheath  of  white  fibrous  tissuo,  called  the  "capsule  of 
jlisson*,  which  is  covered  by  the  peritoneum.    On  the  under  surface 
of  the  gland  the  capsule  follows  the  blood  vessels  at  the  portal 
or  transverse  fissure  into  the  gland,  and  forms  the  interlobular 
connective  tissue  and  interlobular  reticulum. 

The  liver  is  divided  into  lobes  and  lobules,  of  which  the 
latter  represent  the  unit3.  Each  lobule  is  about  1  mm.  in  dia- 
meter, and  it  is  estimated  that  there  are  about  480,000  in  the 
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liver.    Each  consists  of  anastomosing  and  radiating  chains  of 
hepatic  cells,  the  tubules,  that  start  from  the  central  or  inter- 
lobular vein  v;hich  represents  a  large  sinusoid.    These  chains  are 
separated  from  one  another  by  reticulum,  rhich  supports  tho  colls 
and  the  interlobular  blood  capillaries;  these  capillaries  are  of 
the  sinusoidal  variety;  i.e.  the  endothelium  is  attached  to  the 
epithelium  of  the  tubules.     As  a  result,  the  material  for  secretion 
is  transferred  directly  from  tho  cells  to  the  blood  without  the 
intervention  of  the  lymph  or  lymph  vessels. 

The  hematic  cells  are  large  mononuclear  masses  of  protoplasm; 
occasionally  tro  nuclei  may  be  present  in  one  cell.    The  cytoplasm 
is  finoly  granular  and  an  exoplrsmic  sone  may  be  differentiated. 
These  cells  are  traversed  by  a  net-work  of  fine  canals,  the  secre- 
tory capillaries,  that  may  communicate  v.-ith  the  bile  capillaries 
botv/een  the  cell3,  or,  on  the  other  hand,  with  the  sinusoidal 
blool  capillaries  that  surround  the  epithelial  cells.     It  has  been 
shorn  that  these  capillaries  extend  to  the  periphery  of  the  hepatic 
cell  and  are  in  such  close  relation  with  the  sinusoidal  that  the 
internal  secretiop.3  of  trio-  liver,  from  its  glyco jenic  and  urea- 
forminj  functions,  are  readily  r>oured  into  the  blood  vessels. 

A  few  fat  globules  are  normal  in  hematic  cells;  these  are 
usually  small  in  size  and  are  distributed  mainly  in  those  calls 
at  the  periphery  of  tho  lobule,     ^fte^  a  meal  rich  in  fatty  food3, 
the  number  of  fat  globules  is  greatly  increased.    The  fat  globules 
usually  coalesce  to  form  large  droplets  and  the  condition  is  bhat 
of  fatty  "infiltration".     In  fatty  degeneration  of  the  liver,  the 
fat  globules  are  numerous  but  small  in  tho  degenerating  cells  and 
they  do  not  coalesce. 
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Tho  Secretion  of  the  Bile 

Several  experiments  have  been  performed  to  ascertain  whether 
or  not  the  secretion  of  tho  bile  is  controlled  by  a  special  set  of 
secretory  fibers.     The  secretion  itself  is  continuous  but  varies 
in  amount  undor  different  conditions.    It  has  been  shown  that  stirnu 
lation  of  the  spinal  cord  or  splanchnic  nerve  diminishes  the  flow 
of  bile,  while  section  of  the  splanchnic  branches  may  cause  an  in- 
creased flow.    The  splanchnico  carry  vasomotor  nerves  to  the  liver 
and  stimulation  or  section  of  these  nerves  will,  therefore,  alter 
the  circulation  in  the  organ.    It  is  believed  that  no  special  se- 
cretory nerve  fibers  exist  since  tho  secretion  increases  and  de- 
creases with  the  blood-flo^.    Tho  metabolic  processes  in  the  liver 
cells  which  produce  the  secretion,  no  doubt,  go  on  continually, 
but  they  are  increased  rith  the  blood -flor .     "e  may  believe,  then, 
that  the  quantity  of  the  bile  socretion  varios  rith  the  quantity 
and  corrmosi tion  of  the?  blood  flovin,-  through  the  liver,  and  that 
normally  the  blood  contains  chemical  substances  which  stimulate 
the  liver  colls  to  secrete  bile. 

It  has  been  stated  on  the  be  sis  of  experimental  evidence  that 
when  the  supply  of  nortal  blood  is  cut  off,  the  amount  of  bile  form 
ed  is  greatly  reduced,  and  that,  therefore,  it  is  possible  that 
the  3ubstancos  from  vhich  the  bile  is  formed  or  which  serve  to 
stimulate  the  production  of  bile,  are  furnished  chiefly  by  the 
portal  blood.    These  substances  are  called  "cholagogues* .  The 
therapeutical  egents  which  are  canable  of  giving  this  action  are 
still  a  subject  of  controversy.    On  the  physiological  side  the 
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following  facts  have  been  accepted:    Any  agent  that  causes  an 
hemolysis    or  destruction  of  red  corpuscles  increases  the  flow 
of  the  bile,  or  the  s^me  effect  is  produced  if  a  solution  of 
haemoglobin  is  injected  directly  into  the  blood.      hen  fed  or 
injected  directly  into  the  blood,  bile  causes  an  undoubtable 
increase  in  the  secretion.    This  effect  is  due  to  the  effects  of 
both  bile  acids  and  bile  pigments.    As  the  bile  acids  have  a 
hemolytic  effect  upon  red  corpuscles,  it  might  be  assumed  that 
their  action  as  cholagogues  is  duo  indiroctl3T  to  this  feature. 

Lastly,  there  is  evidence  that  there  is  a  secretion  simi- 
lar to  that  acting  upon  the  pancreas  which  exerts  an  effect  upon 
the  secretion  of  bilo.    .hen  acids  (.5  per  cent  HCL)  are  injected 
into  the  duodenum  or    upper  part  of  the  jejunum,  the  secretion  of 
bile  is  incroa3ed;     since  this  effect  takes  place  when  the  nervous 
connections  are  severed,  the  effoct  is  explained  by  assuming  that 

the  B#|d  converts  prosecretin  to  secretin,  and  the  latter,  after 

7 

absorption  into  the  blood,  acts  upon  the  livor  cells. 

The  same  type  of  reaction  may  be  obtained  by  injecting 
secritin  into  the  blood  supply  directly.    Since  it  is  a  normal 
function  of  the  stomcch  during  a  mer.l  to  inject  acid  chyme  into 
the  duodenum,  the  importance  of  this  secretin  reaction  in  ada^tinr: 
the  secretion  of  bile  to  the  period  of  digestion  is  evident. 

a.    formation  of  Bile 

.As  hps  been  stoted,  bile  is  secreted  continuously  but  not 
at  a  uniform  rate,  however.  This  variation  in  the  secretion  is 
dependent  upon  intermittent  stimuli  as  results  whenever  the  stom- 

7 

Falloise  in  Italy's  ■  Jahres-bericht  der  Thier-chemie n ,  33, 
611,  1904. 
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ach  ejects  its  contents  into  the  duodenum.    This  shows  that  the 
hepatic  cells  are  undcir  control  of  a  mechanism  rhich  regulates 
their  activity.     It  may  be  assumed,  then,  that  the  liver  Dossesses 
secretory  fibers  arising  in  the  celiac  ganglion  and  reach  the  or- 
gan by  way  of  the  heretic  plexus.    However,  since  a  reflex  con- 
traction of  the  gall-bladder  and  a  more  copious  flow  of  bile  may 
be  brought  about  by  the  introduction  of  an  acid  into  the  duodenum, 
and  since  these  effects  may  also  be  obtained  after  the  liver  has 
been  isolated  from  the  nervous  system  by  cutting  the  nerves,  it 
has  been  concluded  that  the  secretion  of  bile  is  regulated  by  a 
definite  hormone. 

Starling  recognizes  in  the  stimulant  the  secretion  of  the  duo- 
denal mucosa,  basing  his  statement  upon  the  fact  that  the  injection 
of  this  pgent  into  the  blood-stream  brings  about  a  copious  flow  of 
bilo. 

Inasmuch  as  the  hepatic  cells  derive  the  material  from  which 

thay  form  the  bile  from  the  portal  vein,  their  activities  must  be 

adjusted  to  a  very  low  secretory  pressure.     It  has  been  shown  by 
o 

Burton-Op itz    that  the  blood  arrives  in  the  tributaries  of  the  por- 
tal system  of  the  dog  under  a  pressure  of  about  12  m.m.  Hg.,  and 
enters  the  hylum  of  the  liver  under  a  pressure  of  9  m.m.  Hg.  Since 
the  pressure  of  the  inferior  vena  cava  opposite  the  orifices  of  the 
hepatic  veins  is  practically  zero,  ft  pressure  of  about  9  m.m.  Hg. 
must  suffice  to  push  the  blood  through  the  portal  terminals.  This 
is  the  pressure  under  which  the  hepatic  cells  perform  their  func- 
tion.   The  blood  of  the  hepatic  artery,  on  the  other  hand,  arrives 
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•^uart.  Journal  of  Ibcoerimental  ."taysiology, n  vii.  1913,  57 . 


51. 

at  the  liver,  say,  under  a  ^res—are  of  100  m.m.  Hg.  which  pressure 
is  largely  used  up  in  overcoming  the  resistance  at  the  interstitial 
capillaries.    Both  types  of  blood  then  traverse  the  interlobular 
veins,  that  of  the  portal  vein  furnishing  the  secretory  material 
and  that  of  the  hepatic  arter;/,  the  oxygen. 

It  should  be  noted  that  the  formation  of  the  bile  takes  place 
in  accordance  with  the  same  principles  as  do  the  other  secretions. 
It  i3  not  only  due  to  filtration  but  also  to  osmosis,  diffusion  and 
vital  activity  on  the  oart  of  the  hepatic  cells.    As  a  proof  of  this 
it    may  be  shorn  that  these  cells  are  able  to  secrete  against  a  high- 
er pressure  than  the  nortal  blood  pressure.     If  a  cannula  is  inserted 
into  the  common  bile  duct  which  in  turn  is  connected  with  a  narrow, 
verticle  glass  tube,  the  bile  will  riso  in  the  tube  until  it  reach- 
es o  point  whore  its  height  equals  a  pressure  considerably  more  than 
is  found  in  tho  portal  vein  at  the  hilum  of  the  liver.    The  rapidity 
with  which  this  level  is  reached  depends  upon  the  general  condition 
of  the  animrl.     In  ■  robust  cat  under  ether,  30  to  60  minutes  are 
required  before  the  pressure  in  the  common  duct  will  have  risen  to 
15  m.m.  Egg*  a  pressure  equal  to  twice  that  found  in  the  portal  vein 
Of    the  animal . 

Since,  then,  the  hepatic  cells  are  able  to  secrete  against  a 
higher  pressure  than  that  in  which  they  obtain  their  material,  fil- 
tration evidently  is  not  the  only  factor  concerned  in  the  processes. 

b.    Comrosition  of  Bile 

Prom  a  physiological  starxlroint,  bile  is  partly  an  excretion 


carrying  away  certain  waste  products,  and  partly  a  digestive  secre- 
tion playing  an  important  role  in  the  absorption  of  fats  and  possibly 
in  other  ways. 

Chemical  analysis  of  bile  has  shoian  that,  in  addition  to  water 
and  salts,  it  contains  bile  pigments,  bile  .acids,  chole 3tor in ,  leci- 
thin, neutral  fats  and  soa^s,  occasionally  a  trace  of  urea,  and  I 
mucilaginous  nuc  loo-alburn  in  formerly  designated  a3  "mucin".  This 
last  mentioned  is  not  formed  in  the  liver  cells  but  is  added  to  the 
bile  by  the  mucous  membrane  of  the  bilo  ducts  a.nd  gall-bladder.  The 
Quantity  of  these  substances  present  in  the  bile  varies  in  different 
animals  and  under  different  conditions. 

Bile,  acoordinj  to  the  animal  from  which  it  is  derived  or  ob- 
tained, contains  one  or  the  other  or  a  mixture  of  the  two  pigments, 
bilirubin  and  biliverdin. 

Bilirubin  stands  to  biliverdin  in  the  relation  of  an  oxidation 
product.    The  formula  giv  :n  to  bilirubin  is  C3gH^gN^0g  and  biliverdin 
c--«  "36**4°3»  ^iie  l^ter  being  prepared  readily  from  the  former  by  oxi- 
dation.   These  figments  ;;ive  a  characteristic  reaction  known  as 
wGmelin,s  reaction"  with  nitric  acid  containing  some  nitrous  acid. 
If  a  dror>  of  bile  be  brought  into  contact  with  a  drop  of  nitric  acid 
the  bile  undergoes  a  succession  of  color  changes,  the  order  being, 
green,    bluc^,  violet,  red  and  a  reddish  yellow.    The  play  of  colors 
is  due  to  successive  oxidations  of  the  bile  pigments;  starting  with 
bilirubin,  the  first  stage  is  due  to  the  formation  of  biliverdin. 

The  bile  pigments  originate  from  haemoglobin.    This  origin 
was  first  indicated  by  the  fact  that  in  old  blood  clots  there  was 


found  a  crystalline  product,  the  so-called  "haomatoidin"  which  was 
undoubtedly  derived  from  tho  haemoglobin,  and  which  upon  more  care- 
ful examination  was  proved  to  be  identical  with  bilirubin.  This 
origin  is  nov;  universally  accepted.    It  is  supposed  that  when  the 
blood  corpuscles  disintegrate,  the  haemoglobin  is  brought  to  the 
liver,  and  there,  under  the  influence  of  the  liver  cells,  is  converted 
to  an  iron-free  compound,  bilirubin  or  bilivordin. 

The  bilirubin  is  formed  from  the  hematin  of  the  haemoglobin 
by  a  process  which  involves  the  splittii  ;  off  of  its  iron.     It  is 
very  significant  that  the  iron  separated  by  this  means  from  the 
hematin  is  held  back  in  the  liver  for  the  most  part,  a  very  small 
portion'being  secreted  in  the  bile.    It  seems  probable  that  the  iron 
held  back  in  tho  liver  is  again  held  in  some  way  to  make  new  haemo- 
globin in  the  so-called  "haematopoietic"  organs. 

There  is  a  conspicuous  lack  of  quantitative  data  in  regard  to 
the  amount  of  bile  pigment  secreted  daily,    "wing  to  the  lack  of 
satisfactory  method  of  estimating  this  substance,  its  percentage  in 
the  bile,  as  given  by  different  authors,  varies  from  .04  per  cent 
to  .25  per  cent.    The  bile  pigments  are  carried  in  the  bile  to  tho 
duodenum  and  are  mixed  with  tho  food  in  its  passage  through  the  in- 
testine.   Under  normal  conditions,  neither  bilirubin  nor  bilivordin 
t99nri  in  the  feces,  but  in  their  place  is  found  a  reduction  product 
"urobilin"  or  "storcobilin"  formed  in  the  large  intestine.    It  is 
believed,  moreover,  that  some  of  the  bile  pigment  is  reabsorbed  as 
it  passes  along  the  intestine,  is  carried  to  the  liver  in  th^  portal 
blood,  arid  ia  again  eliminated.    That  this  action  occurs,  has  been 
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made  probable  by  exporiraents  of   /orthoimor  on  dogs. 

The  two  organic  acids,  "glyco cholic"  and  "taurocholi c:» t  found 
in  the  bile  aro  given  tho  name  of  "bile  acids",  and  they  form  very 
important  constituents  of  that  secretion.    Thoy occur  in  the  form 
of  their  respective  sodium  salts..     Tn  human  bile,  both  acids  are 
usually  found,  but  the  proportion  of  taurocholate  is  variable,  and 
in  some  cases  it  may  be  totally  lacking. 

Olycocholic  acid  has  the  formula  C    K    NO,  and  taurocholic 

26  43  6 

acid,  the  formula  C    H    N  S  0  .     /hen  boiled  with  acids  or  alkalies. 

26  45         7  ' 
these  acids  take  up  rater  and  undergo  hydrolytic  cleavage  and  the 

reaction  is  represented  by  the  following  equation:    G    H    NO    +  H  0 

C    H    G    t  C  H  CI  K  )  fi  Q^OJfcp     i.e.  the  reaction  of  IfycochoSic  alid 

24  40  5  2  2 

and  water  produce  cholic  acid  plus  glycocoll  or  araino-acotic  acid. 

The  reaction  of  taurocholic  acid  is:     C    H    N  S  0    f  H  G  SC    H    0  + 

26  45  7        8  24  40  5 

C  H  H  H  3  0  "  H.    i,o.  taurocholic  acid  and  water  undergoes  hydro- 
2  4      2  2 

lytic  cleavage  as  did  the  glycocholic  acid,  and  form  cholic  acid 
plus  taurin  or  araino-ethyl-sulphonic  acid. 

These  reactions  are  interesting  not  only  in  that  they  throw 
light  on  the  structure  of  '.ho  acids,  but  also  because  similar  reac- 
tions doubtless  take  place  in  the  intestine,  cholic  acid  having  boon 
detected  in  tho  intestinal  contonts.    As  shown  by  the  formulas, 
cholic  acid  is  formed  in  the  decomposition  of  each  acid,  and  we  may 
regard  tho  bile  acids  as  compounds  produced  by  thQ  synthetic  unlon 
of  cholic  acid    ith  glycin  in  one  case  and  with  taurin  in  the  other. 

7rom  the  standpoint  of  nutrition,  the  taurocholate  is  interest- 
ing as  giving  one  of  the  forms  in  which  the  sulphur  of  protein  ma- 


9    "Archives  de  physiologie  norm?le  ot  pathclogique" ,  1892,  p.  577. 
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torial  is  eliminated.    Some  light  has  been  thrown  upon  the  origin  of  the 

10 

taurin  by  tho  discovery  of  Friodmann,  claiming  that  it  is  formed 
from  cystin.    Cystin  or  lii  reduction  product,  cystoin,  occurs  as  one 
of  tho  ond-products  in  tho  acid  hydrolysis  of  protoins,  and  it  is 
also  possiblo  that  it  occurs  in  tho  tryptic-eropsln  hydrolysis  in 
the  small  intestine,  ropresonting  tho  end-product  in  which  tho  sul- 
phur of  t.ho  protein  raolocule  is  found.     It  is  probable  that  taurin 

is  formod  normally  from  cystin  in  the  body  and  that  tho  lattor  ro- 
ll 

presents  one  of  the  split-products  of  protoin.    Some  of  the  sulphur 
of  the  cystin  appears  also  in  tho  urine  in  an  oxidized  form  as  sul- 
phate,     hat  is  of  considerable  physiological  importance  is  that 
these  acids  or  their  decomposition  products  are  absorb  d  in  part 
'from  the  intestine  and  are  again  secroted  by  the  liver.    The  value 
of  this  reabsorption    may  be  that  the  bile  acids  constitute  a  very 
efficient  stimulus  to  the  bile  secreting  activity  of  the  cells,  as 
it  is  one  of  the  b  st  cholagogues,  or  it  may  be  that  it  economizes 
material.    It  Is  evident  that  tho  bilo  acids  are  not  to  bo  consider- 
ed solely  as  excrota.    They  have  some  important  function  to  fulfill. 
In  the  first  place,  they  serve  as  a  menstruum  for  dissolving  tho  chol- 
ostTin  which  i3  constantly  present  in  the  bile  and  which  is  an  ex- 
cretion to  be  removed.    Secondly,  they  facilitate  groatly  tho  split- 
ting and  the  absorption  of  fats  in  the  intestine.    It  is  an  undoubt- 
ed fact  that  v;hen  bilo  is  shut  off  from  tho  intestine,  the  absorp- 
tion of  fats  is  greatly  diminished  and  it  has  been  shown  that  the 
action  of  tho  bile  in  fat  absorption  is  duo  chiefly  to  the  presence 

10  pri.?dnannt  "Hofmoistor's  Bertrage" ,  3,  1,  1902. 

11  Simon,"Johris  Hopkins  Hospital  Bulletin",  15,  365,  1904. 
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of  bile  acids,  and  so  the  activating  influence  of  the  bile  upon  the 
activity  of  pancreatic  lipase  has  been  tracod  to  bile  acids. 

Besides  the  bilo  acids  and  pigments,  there  is  another  constit- 
uent tormod  "cholester in"  or  "cholesterol",  a  non-nitrogenous  sub- 
stance which  is  found  constantly  in  the  bile,  although  it  occurs  in 
variable  quantities.    Cholestorin  is  widely  distributed  throughout 
the  body,  being  found  especially  in  the  nedullury  substance  or  -hite 
matter  of  nerve    substance.    It  has  bnen  assumed  that  cholosterin 
is  not  formed  in  the  liver,  but  that  it  is  eliminated  by  the  livor 
cells  from  the  blood  which  collocts  it  from  the  various  tissues  of 
the  body.    It  is  suggested  by  othor  authors,  however,  that  in  the 
"dissolution  of  red  corpuscles  taking  place  in  the  liver,  tho  chol- 
esterin  liberated  from  the  stroma  of  the  corpsulos  forms  the  source 
of  the  cholestorin  in  the  bile.    The  fact  that  it  is  eliminated  in 
the  focos  indicates  trat  it  is  an  excrotum,  but  the  opposite  view  has 

been  suggested  that  the  cholesterin  is  in  part  reabsorbed  and  used 

12 

again  in  the  formation  of  now  tissue.        '7e  may  regard  it,  howevor, 
as  far  as  its  occurrence  In  the  bile  is  concerned,  as  a  waste  product 
of  cellular  disintegration  which  is  eliminated  in  the  feces.     It  is 
(also  secreted  through  the  skin  in  the  sebacoous  and  sweat  secretions 
and  in  tho  milk. 

Lecithin  is  a  compound  of  glycreophosphoric  acid  with  fatty 

acid  radicals  (stearic,  oleic  or  palmitic)  and  a  nitrogeneous  base, 

with  tho  formula,  C    H    HI  0_.    It  is  generally  found  as  any  of  the 

42  84  9 

throo  substances  or  in  combination  in  all  cells,  and  evidently  plays 
12  Gardner,  "Proc.  Hoyal  Society",  D.  vols.  81  &  82,  1910. 
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somo  part  in  coll  metabolism.     It  occurs  in  largest  quantities  in 
tho  white  matter  in  tho  nervous  system.    In  the  liver  it  occurs  to 
a  considerable  extent  both  as  locithin  and  in  a  more  complex  com- 
bination v ith  a  carbohydrate  residue,  t  compound  known  as  "Jecorin". 
As  far  as  it  is  found  in  the  bile,  it  represents  a  waste  product 
derivod  from  the  liver  or  from  the  body  at  large.    Little  is  known 
of  its  exact  physiological  significance. 

The  special  importance  of  the  small  proportion  of  fats  and 
futty  acids  in  tho  bile  is  unknown.    The    mucilagenous  character  of 
the  bile  is  duo  to  the  presence  of  a  body  formed  in  tho  bile  ducts 
and  call-bleuder .    This  substance  was  formerly  known  as  mucin,  but 
it  is  now  mown  that  in  ox  bile,  at  least,  it  is  not  a  true  mucin 
but  ■  nucleo-albumin. 

Composition  of  Human  B ilo. 
(From  Pavlov) 

Bladdor  Dile    -    Fistula  Bile. 

Bile  Calts   9.70;"  1.01* 

Mucin  &  Pigments   4.19,1  0.49# 

Cholesterol    0.99,1  0.26,1 

Fats   0.19#  0.69,1 

Soaps    1.12£  0.26% 

Lecithin    0.22^  0.64# 

Total  Solids   17.03;,  2.98,1 

Inorganic  Hatter   —  0.92^ 

Fatty  Acids    —  0.12# 

Vater    82.97.1  97.02,1 
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c.    General  Physiological  importance  of  Bile. 

Bilo  is  probably  important  both  as  a  medium  of  excretion  and 
as  a  secretion  taking  part  in  the  digestion  of  f oocl .    Little  is 
known  of  it  from  the  former  point  of  view.     It  is  difficult  to  as- 
certain Just  how  far  certain  of  its  constituents  are  to  be  regarded 
as  excretory  products;    they  may  appoar  in  the  feces  more  or  loss 
modified  but  on  tho  other  hand,  they  nay  bo  reabsorbed  in  part  from 
the  intestines.  It  can  be  shown  experimentally  that  a  number  of 
dyes  whon  introduced  into  tho  blood  are  eliminated  or  excreted  by 
way  of  the  bile  as  veil  as  through  tho  urino,  indicating  that  the 
liver  nay  play  the  part  of  an  excretory  organ. 

The  most  important  function  that  may  bo  attributed  to  the  bilo 
as  a  digestive  secretion,  is  tho  part  which  it  takes  in  tho  diges- 
tion and  absorption  of  fats.    It  accolorat  s  tho  action  of  the  li- 
pase of  the  pancreatic  Juice  in  splitting  the  fats  to  fatty  acids 
any  glycorin  and  it  acts  as  an  aid  in  the  absorption  of  the  products 
of  this  hydrolysis.    It  has  been  shown  by  experimentation  that  whon 
a  permanent  biliary  fistula  is  made,  and  the  bile  is  prevented  from 
reaching  the  intestinal  canal,  a  largo  portion  of  tho  fat  of  the 
food  is  found  in  the  feces  having  escaped  absorption.    Hence,  it  is 
shown  that  the  bilo  acids  serve  as  a  solvent  for  the  fats  and  fatty 
acids . 

It  was  originally  believed  that  bilo  was  also  of  great  import- 
ance in  inhibiting  the  processes  of  putrofaction  v.ithin  the  intes- 
tine.    It  was  considered  as  an  efficient  antisceptic,  and  that  this 
property  came  into  use  in  preventing  excessive  putrefaction.  It 
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has  been  shown  by  bacteriological  experiments ,  however,  that  bile 
possesses  very  feeble  antiscoptic  properties,  as  is  indicatod  by 
the  fact  that  it  putrofies  readily.     In  cases  of  biliary  fistula, 
it  seems  generally  true  that  the  f  ?cos  have  a  fetid  odor  when  moat 
and  fat  are  introduced  into  the  food.     The  increased  putrefaction, 
however,  in  those  cases  may  be  due  to  an  indirect  result  of  the  with- 
drawal of  bile.    It  has  been  suggested  that  the  deficient  absorp- 
tion of  fat  following  upon  the  removal  of  the  bile,  results  in  the 
protein  and  the  carbohydrate  mntorinl  of  the  food  becoming  coated 
with  a  layer  of  fat,  retarding  the  penetrating  action  of  the  diges- 
tivo  onzyme  and  affording  a  greater  opportunity  for  the  occurrence 
of  bacterial  action. 

Hence,  no  may  conclude  that  while  there  is  not  sufficient 
reason  at  present  for  bolioving  that  the  bile  exerts  a  direct  anti- 
sceptic  action  upon  the  contents  of  the  intestine,  its  presence, 
novortholess,  limits  to  some  degroe  the  extent  of  putrof action. 

Formation  of  Glycogen 

one  of  the  most  important  functions  of  the  liver  is  Vie  for- 
mation of  glycogen.    This  substance  was  discovered  by  Claude  Bernard 
in  1657,  and  is  one  of  the  brilliant  discoveries  made  by  him. 

Glycogen  has  the  formula  C  H    O^m  the  formula  given  also  to 

6  10  5 

qnimal  starch,  hence,  glycogen  is  often  spoicen  of  as  animal  starch. 
It  is  readily  soluble  in  water,  and  the  solutions  have  a  character- 
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istic  opalescent  appearance.    Glycogen,  like  starch,  is  acted  upon 
by  ptyalin  and  other  diastatic  enzymes  and  the  end-products  are  the 
same,  viz.  maltose  and  dextrin  or  dextrose  depending  upon  the  en- 
zymo  used. 

If  the  liver  of  a  dog  were  removed  twelve  or  fourteen  hours 
after  a  hearty  meal,  hardened  in  alcohol  and  sectioned,  the  cells 
would  bo  found  to  contain  clumps  of  clear  material  which  give  the 
iodin  reaction  for  glycogen.    The  red  reaction  with  ion  in  shows 
the  presence  of  the  glycogen  in  the  colls  even  when  distinct  aggre- 
gations of  it  cannot  bo  made  out.    This  simple  method  demonstrates 
the  fact  that  the  amount  of  glycogen  in  the  liver  increases  after 
meals  and  decreases  during  fasting  hours,  and  if  the  fast  is  suf- 
ficiently prolonged,  it  may  disappear  entirely. 

The  amount  of  glycogen  present  in  the  liver  is  variable,  being 
influenced  by  such  conditions  as  muscular  jx^rcise,  body  tempora- 
turo,  drugs  and  amount  of  food.    From  quantitative  determinations  in 
various  animals,  it  nay  be  said  that  the  average  amount  lies  between 
1.5  and  4  per  cent,  of  the  weight  of  the  liver.    This  amount,  how- 
over,  may  be  greatly  increased  by  feeding  upon  a  diet  made  up  large- 
ly of  carbohydrates.     It  is  generally  taken  for  granted  that  glyco- 
gen exists  as  such  in  the  liver  cells  deposited  as  such  in  the  cyto- 
plasm.   However ,  reasons  have  been  brought  forward  to  show  that  this 
is  not    trictly  true,  and  that  the  glycogen  is  held  in  some  sort  of 
weak  chemical  combination. 

For  practical,  purposes,  glycogen  may  be  spoken  of  as  lying 
free  in  tho  liv^r  cells,  as  we  speak  of  haemaglobin  existing  as 
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Euch  in  tho  red  corpuscles,  though  it  is,  no  doubt,  hold  in  some  sort 
of  combination. 

To  understand  clearly  the  views  held  in  regard  to  the  origin 
of  glycogen  in  the  liver,  it  is  necessary  to  describe  the  effect  of 
tho  different  food-stuffs,  as  protein,  carbohydrates  and  fats,  upon 
its  formation.    The  amount  of  glycogen  in  the  liver  is  quickly  af- 
fected by  the  amount  of  the  carbohydrates  in  the  food.    If  tho  car- 
bohydrates are  given  in  excessive  quantities,  the  supply  of  glyco- 
gen may  bo  increased  beyond  the  average  amount.    Experimentation  up- 
on the  different  sugars  has  shown  that  dextrose,  levulose,  sacchar- 
ose or  cano-sugar,  and  maltose  are  direct  glycogen  fomors,  i.e. 
glycogen  is  formed  directly  from  them  or  from  the  products  into 
which  they  are  converted  during  digestion.    The  greatest  portion  of 
our  carbohydrate  food  reaches  the  liver  as  dextrose,  or  as  dextrose 
and  levulose,  and  these  I  orms  of  sugar  may  bo  converted  into  glyco- 
gen in  the  liver  cells  by  a  simple  process  of  dehydration  repre- 
sented by  the  formula:  CH    0    -  H  0  -r>     CH    0.    Since  cano-sugar 

6  12  6        2  6  10  5 

is  inverted  in  the  intestine  before  absorption,  it  must  also  be  a 

true  Glycogen  former,  a  fact  which  has  been  amply  substantiated  by 

direct  experiment. 
13 

Luc:  has  shown  that  if  cane-sugar  is  injected  under  the  skin, 
its  effect  in  increasing  the  amount  of  glycogen  in  the  liver  is  very 
feeble  since  under  those  conditions  it  is  probably  absorbed  into  the 
blood,  without  undergoing  inversion.  Experiments  ith  subcutaneous 
injections  of  lactose  give  like  results  and  it  is  generally  belioved 
that  the  liver  cells  cannot  convert  them  to  glycogen;    hence,  may  bo 

13  Voit,  "Zeitchrift  f.  biologie",  86,  235,  1891. 
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soon  tho  value  of  the  hydrolysis  of  the  sugars  in  the  alimentary 
canal  before  absorption.     'o  nay  assume  then  that  dextrose,  levu- 
lose,  and  galactose  are  the  true  glycogen  formers  that  occur  in  the 
blood,  and  that  the  disaccharids  and  polysaccharids  are  true  Gly- 
cogen formers  to  the  oxtont  that  they  are  converted  into  dextroso, 
lovulose  and  galactose, 

Bernard,  in  his  first  studios  upon  glycogen,  asserted  that  it 
might  be  formed  from  protein  material.    Since  his  time  there  have 
been  many  discussions  upon  this  point.    The  general  viev?  is  that 
protein  must  bo  considered  as  a  true  glycogen  former  in  the  sense 
that  some  of  the  material  of  the  protoin  molecule  is  converted  di- 
rectly to  glycogen.    The  protein  in  digostion  undergoes  p.  splitting 
procoss  and  it  is  assumed  that  the  nitrogenous  split  products  are 
acted  upon  in  the  liver,  the  nitrogen  being  first  converted  into  an 
a:anonia  compound  and  then  to  uron,  whllt  the  non-nitrogenous  resi- 
due is  converted  to  sngar  by  a  synthetic  process. 


r 


63. 
PART  4. 

TH3  PANCREAS 


Gross  Anatomy 

Tho  pancreas  is  an  elongated,  glandular  mass  lying  tr?nsvorse- 
ly  on  the  posterior  abdominal  wall,  '  ith  its  right  end  resting  in 
the  concavity  of  the  duodenum  and  its  left  end  touching  the  spleen. 
The  head  is  placed  opposite  the  second  and  upper  port  of  the  third 
lumbar  vertebra    while  the  body  runs  to  the  loft  about  on  the  lino 
with  the  first  lumbar  vertebra.    Its  total  length  when  fixed  in 
place  is  about  5  or  6  inches;     its  weight  is  about  3  ounces. 

The  body  is  of  prismatic  form,  largest  where  it  lodges  in 
fr  nt  of  the  loft  kidney  and  usually  somewhat  tapering  towards  the 
tail.    Beginning  at  the  termination  of  the  neck,  it  rune  backwards 
and  to  the  left  across  the  front  of  the  left  kidney  beyond  which 
its  extremity  or  tail  comes  in  contact  with  the  spleen. 

Invariably  two  ducts  are  found  in  the  interior  of  the  pancreas 
-  the  pancreatic  duct  proper  and  the  accessory  pancroatic  duct. 
The  pa..creatic  duct  begins  near  the  tip  of  the  tail  by  the  union  of 
the  small  ducts  from  the  "Lobes  formin:  that  part  of  the  organ.  From 
this  it  pursues  a  sigzag  course  through  tho  axis  of  the  gland  at 
first  running  transversely  to  the  right  until  tho  neck  is  reached, 
then  bend'.ng  down  towards  the  head.    Here  it  approaches  the  second 
portion  of  the  duodenum  and  r:ooting  the  bile  duct,  tho  two  pierce 
the  inner  wall  of  the  gut  obliquely  and  open,  by  a  common  orifice 
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on  the  bile  papilla  beyond  the  pylorus. 

Tho  accessory  pancreatic  duct  is  a  small  variably  developed 
duct  which  opens  into  the  duodenum  about  J  inches  above  and  some- 
what in  front  of  the  pancreatic  duct.      From  the  duodenum  it  runs  to 
the  loft  and  downwards  and  divides  into  two  or  more  branches,  one  of 
which  forms  the  union  with  the  pancreatic  duct,  the  others  pass  down 
and  recieve  the  ducts  from  the  lower  part  of  the  head.    It  is  supposed 
that  the  current  flows  from  this  into  the  main  duct  and  not  into 
tho  duodenum  except  in  early  life. 

Though  in  the  adult  the  pancreas  is  a  single  gland,  it  arises 
in  the  embryo  as  two  ontiroly  distinct  entodermal  outgrowths  known 
respectively  as  the  dorsal  and  ventral  pancreas.    Tho  dorsal  pan- 
creas grows  out  of  the  dorsal  wall  of  tho  intestinal  tube,  a  little 
belo-v  the  level  of  the  coranon  bile  duct  in  most  mammals,  but  a 
littlo  above  it  in  man.    The  ventral  pancreas  grows  down  from  tho 
common  bile  duct  at  its  Junction  with  the  intestinal  tube;     it  may  be 
more  or  less  bi-lobed.     It  usually  grows  to  the  right  of  the  intes- 
tine and  thoro  moets  the  dorsal  pancreas,  which  approaches  it  in 
close  relation  with  tho  portal  vein. 

The  dorsal  pancreas  is  much  larger  than  the  ventral  and  it 
grows  across  the  body  toward  t'ie  left  until  it  reaches  the  spleen. 
Thus,  it  ^iv^s  rise  to  the  body  and  tail  of  tho  pancreas  of  the  adult 
and  it  also  forms  the  ventral  part  of  the  head  of  tho  gland  which 
fills  the  concavity  in  the  duodonal  loop. 

In  Fig.  7  is  shown  a  diagram  of  the  pancreas  from  a  15  m.m. 
human  embryo;    in  Fig.  8  is  shown  a  dissection  of  the  duodenum  and 
pancreas  of  an  adult. 
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Histological  Structure 


In  tho  adult  no  histological  distinction  has  over  been  found 
between  the  two  pancreases;     although  alike  In  structure  and  close 
together,  Viore  is  no  general  anastomosis  between  then*    They  rare- 
ly ronain  entirely  separate.    Upon  injecting  the  ducts,  only  one 
connection  is  found  between  tho  corsal  and  ventral  pancreas,  but 
two  connections  have  been  observed  in  an  abnormal  case.  Anastomos- 
es botweon  tho  smaller  ducts  and  tubules  in  the  separate  glands 
havo  boen  found  in  human  adults. 

The  pancreas  is  the  other  sorous  gland  and  is  compound  alveo- 
lar in  structure.    It  is  also  called  the  abdominal  salivary  gland, 
its  gonoral  structure  is  somewhat  simil  r  to  that  of  th^  parotid, 
but  its  lobes  contain  tho  secreting  units,  or  acini  that  are 
larger  than  those  of  the  parotid.      These  acini  are  distinct, 
sharply  outlined  and  stain  darkly.    The  cells  lining  an  acinus  are 
of  the  pyramidal  type  and  the  amount  of  lumen  showing  will  depend 
upon  the  stage  of  secretory  activity.    The  cells  rest  upon  a  base- 
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meH*  membrane  but  interposed  are  the  stellate  basket  colls  that  are 
supposed  to  bo  immature  secretin-:  colls.    During  rest,  these  cells 
show  a  clear  cytoplasm,  only  a  few  granules  being  present  near  the 
lumen  end.    As  the  secretion  is  formed,  t^e  zymogen  granules  in- 
crease in  amount,  the  coll  becomes  sr/ollon,  and  only  a  narrow  rim 
of  cytoplasm,  with  the  nucleus,  is  seen  at  the  basal  portion  of  the 
coll.    with  the  discharge  of  the  secretion,  the  clear  cj'toolasm  in- 
creases and  spreads  through  the  coll,  v/hich  is  much  smaller  in  size. 
The  nucleus  plays  an  important  part  in  the  secrotion.    The  paranu- 
cleus is  seen  in  the  active  cells. 

In  the  basal  portions  of  the  colls  mitochondrial  filaments  aro 
readily  demonstrated.    Those  are  r:aid  to  give  rise  to  the  zymogen 
granules  but  some  believe  that  they  are  concerned  only  ;vith  the 
metabolic  activities  of  the  cell* 

71 thin  many  of  the  acini  are  s*en  lightly  staining  flattened 
elements  that  -.re  called  the  contro-acinar  colls.    These  nro  charac- 
teristic of  the  pancreas  and  represent  the  squamous  cells  of  the  in- 
tercalated tubules  invaginated  into  tho  acinus.    They  are  separated 
from  the  secretin-  cells  by  intercellular  secretory  capillaries. 

In  addition  to  the  acini,  numerous  groups  of  lightly  stain- 
ing cells  aro  scattered  throughout  tubules;    thoso  are  the  pancreatic 
islands  or  "Areas  of  Langorhans" •    They  are  oval  or  circular  in  outline 
each  surrounded  by  a  delicate  capsule  that  sends  in  tuabeculae  that 
seem  to  arrange  the  Cells  into  irregular  groups  or  cords.    The  num- 
ber of  cells  In  an  island  varioe  from  sovoral  to  many  so  that  tl  ese 
islands  may  be  microscopic  or  macroscopic.    The  cytoplasm  of  these 
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colls  stain  slightly  and  contain  socio  fine  eosinophilic  granules  that 
are  supposed  to  be  of  two  kinds  and,  therefore,  form  two  kinds  of 
secretions.    The  blood  vessels  are  of  tho  sinusoidal  type  and  are  in 
close  relation  to  the  colls,  forming  gloraerule-like  masses  in  in- 
jected nocretions.    They  possess  no  outlet  for  the  secretion  that 
they  form  and  -'.his  is  sai3  to  pass  directly  to  the  blood  capillaries, 

--econtly  Banting  and  others  succeeded  in  making  an  extract  of 
the  islands  alone  v/hich  was  callod  "insulin".    Injections  of  this 
substance  have  been  used  vith  Great  success  in  patients  suffering 
from  diabotus  mellitu3.    Th"  sugar  metabolism  in  those  patients  is 
controlled  if  injections  are  taken  regularly. 

The  islands  are  most  numerous  in  the  splenic  end  of  the  pan- 
creas and  very  considerably  in  number.    They  nay  be  increased  in 
size  and  number  by  means  of  secretion,  and  in  long  hunger  t^ey  are 
also  increased,     It  is  claimed  that  there  is  a  connection  or  lumen 
between  the  islands  and  the  acini  in  reptiles  and  fishes.     In  man, 
this  connection  apparently  does  not  exist,  ns  ligation  of  the  pacrea- 
tic    duct  does  not  affect  the  islands  nor  does  it  interfere  with  car- 
bohydrate metabolism.    In  some  cases,  if  the  islands  are  diseased, 
or  if  the  pancreas  of  animal  be  removed,  diabetus  mellitus  follows. 
Tho  areas,  post-mortem,  show  degenerative  changes.    The  excretory 
duct  or  "the  duct  of    irsung"  is  lined  by  simple  columnar  cells. 
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Composition  of  the  Secretion 

The  secretion  of  the  pancreas  is  an  alkaline  liquid  which  in 
somo  animals  is  thin  and  linpid  while  in  others  is  thick  and  glairy. 
Tho  secretion  in  nan  is  of  the  former  description,  as  clear  as  water 
and  with  a  specific  gravity  of  1.0075.    Tho  secretion  may  be  collected 
by  Opening  the  abdomen  and  inserting  a  cannula  into  the  duct  or  a  per- 
manent fistula  is  nade  in  the  manner  according  to  Pavlov.    This  method 
consists  In  cutting  out  a  small  portion  of  the  duodenum  where  the  pan- 
creatic duct  opens,  and  then  suturing  this  piece,  the  mucous  membrane 
outward,  into  the  abdominal  wall.    The  secretion  then  pours  to  the 
e::terier  and  may  be  collected. 

14 

According  to  the  observations  nade  by  niaossnor,  it  appears 
that  tho  secretion  in  man  is  quite  abundant,  amountinc  to  500  to  800 
c.c.  per  day.    The  secretion  possesses  a  strong  alkaline  reaction  due 
to  the  presence  of  the  sodium  carbonate.    It  also  contains  a  3nall 
amount  of  coa^ulable  material  7/hich  is  protein  and  a  number  of  organic 
substances  in  traces. 

It  i3  important  to  note  that  the  alkalinity  of  the  Juice  cor- 
responds almost  exactly  to  the  acidity  of  the  gastric  Juice. 

15 

In  ono  experiment,  70  c.c.  of  pancreatic  Juico  obtained  by  in- 
jection of  secretin,  required  78  c.c.  of  4;1  hydrochloric  acid  for 
thoir  complete  neutralisation*    Dach  portion  of  the  chyme  ejected 
from  the  stomach  into  the  duodenum  will  continue  to  excite  the  produc- 
tion of  secretin  in  the  epithelial  colls  until,  under  the  influence 
of  the  absorbed  secretin,  the  pancreas  has  poured  out  an  equal  quan- 

14  Glaessner,  "Ileitschrift,  f.  physiologie  chemie" ,  40,  465,  1903. 

15  Starling,  ""ocent  Advances  in  tho  Physiology  of  Digestion",  1906. 
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tity  of  pancreatic  Juico  and  the  duodonal  contents  are  thus  neutral- 
ized.   The  pylorus  will  then  open  and  allow  a  .urthar  portion  of  acid 
chyme  to  pass  into  t"~e  duodenum,  to  excite  in  the  sane  way  the  secre- 
tion of  a  further  equivalent  portion  or  pancreatic  juice.      Since  un- 
der normal  conditions  a  secretion  of  the  bile  occurs  at  the  sane  time 
as  the  pancreatic  secretion,  and  since  bile  has  a  power  of  neutraliz- 
ing the  acid  of  the  chyme,  it  i3  probable  that  under  normal  conditions 
the  socrotion  of  the  pancreatic  Juice  will  bo  rather  smaller  in  anount 
than  the  chyme  passing  through  the  pylorus.    The  neutralizing  effects 
of  these  two  Juices  is  aided,  moreovor,  by  the  necrotion  of  an  alkal- 
ine Juice  by  the  intestinal  glands.    The  final  result  is  the  produc- 
tion of  a  neutral  fluid  in  the  duodenum,  and  it  is  in  this  neutral 
fluid  that  tve  processes  of  intestinal  digestion    ill  take  place. 

Pancreatic  Juice  contains  ferments  which  act  as  strong  hydroly- 
tic  agents  on  starchs    and  fats.    Gtarch  is  rapidly  converted  by  the 
Juice  into  doxtrin  and  maltose,  and  the  maltose  is  more  slowly  trans- 
formed into  glucose.    The  neutral  fats  are  converted  into  glycerin 
and  fatty  acids.    Juico  obtained  from  a  temporary  fistula  has  a  very 
slight  action  on  protoids.    Tresh  fibrin  and  caseinogen  are  slowly  di- 
gested.   Therefore,  the  Juice  may  bo  said  to  contain  a  w«ak  proteoly- 
tic farra-nt,  resembling  that  which  can  be  extracted  from  almost  any 

tissue  of  the  body*    A  similar  ferment  can  bo  obtained  from  extracts 
of  the  intestinal  mucous  membrane,  and  has  been  named  "orspsin".  Its 

chief  function  seems  to  be  the  further  digestion  of  alburnoses  and 

peptones,  and  their  conversion  into  amino-acids.    All  the  cheater 

physiologists,  among  whom  Kuhne,  Leidenhain  and  Langley  may  bo  given 
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special  mention,  found  that  the  'vatory  extract  contained  not  only  a 
lipase,  a  lypotlytic  enzyme,  and  amylase,  but  also  a  substance  which 
rapidly  underwent  conversion  into  an  active  proteolytic  forrmnt. 

formal  Mechanism  of  the  Secretion* 

Tho  pancreas  resomblos  the  salivary  glands  in  that  it  is  com- 
posed of  a  mass  of  compound  tubular  glands.     It  pours  its  secretion 
together  with  the  common  bile  duct  into  the  duodenum.    It  is  easy, 
then,  to  ostablish  a  temporary  fistula  by  isolating  the  duct  before 
it  Joins  the  intestine,  and  thus  determine  the  normal  relation  of 
tho  cecrotion  of  the  pancreatic  Juice  to  the  process  of  digestion. 

Follow inc  is  a  table  showing  the  r.ocrotion  of  tho  pancreatic 
Juice  resulting  from  a  meal  of  600  c.c.  of  mil*  compared  with  the  se- 
cretion of  gastric  Juice  ovol;od  by  tho  ingestion  of  100  grams  of  meat, 

frastric  secretion  after  a  rr.eal  of  100  grams  of  neat. 

(two  experiments) 
Hour  after  feeding.  Quantity  of  juice  in  c.c. 

1st                                                           11. 2  12.6 

2nd                                                           8.?  8.0 

3rd                                                      4*0  2.2 

4th                                                             1.9  1.1 

5th                                                       0.1  a  drop 

Total  25.4  23.9 

(After  I-avlov) 
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Pancreatic  secretion  after  moal  of  600  c.c.  of  mill:. 


Two  73xnor^  ncints 

after  feeding 

Guantitv  of 

J  U 1 C  0 

1st   •      •      •  • 

•     •     •   •  8.75 

8.25 

6.0 

23.0 

6.25 

1.5 

Total  49.75 

45.0 

It  can  be  noticed  that,  whereas  the  greatest  quantity  of  gastric 
Juice  is  poured  out  in  the  first  hour  after  the  meal,  the  maximum 
flow  of  pancreatic  juice  occurs  in  the  third  hour  at  the  time  when  the 
largest  amount  of  ohyrao  ie  passing  from  the  stomach  into  the  duodenum. 
Hence,  there  mv^st  be  some  causal  relationship  between  the  passage  of 
the  food  V  rough  the  pylorus  and  the  secretion  of  the  pancreatic  Juice. 
It  is  only  of  late  years  that  the  nature  of  the  connection  between 
these  two  events  has  been  brought  to  light.    The  flow  occurring  upon 
the  passace  of  acid  chyme  into  the  duodenum  was  ascribed  to  tho  inter- 
mediation of  a  roflox  arc.    Difficulty,  however,  was  experienced  in 
the  search  for  the  cha '^nels  of  the  reflex.    Favlov  was  able  to  ob- 
tain a  flow  of  the  Juice  upon  the  stimulation  of  the  vagus  ^nd  splan- 
chnic nerves,  and  h^,  therefore,  regarded  pancreatic  secretion  as 
determined,  either  rofloxly  or  psychically,  through  tho  cortex  by  im- 
pulses leaving  the  central  nervous  system  and  traveling  to  the  gland 
alone  one  of  these  two  setr  of  nerves. 
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v.'ertheimor  and  Popielslii,  a  pupil  of  Pavlov,  both  showed  that 
the  secretion  of  tno  Juice,  ovo':ed  by  the  introduction  of  acid  into 
the  small  intestine  was  unaffected  by  division  of  both  vagus  and 
splanchnic  norves,  by  excision  of  the  spinal  cord,  or  by  the  exter- 
pation  of  the  abdominal  sympathetic.    Therefore,  they  regard  the  se- 
cretion as  being  due  to  a  local  reflex,  starting  with  the  raucous  mem- 
brane of  the  gut  and  thence  traveling  to  the  collections  of  ganglionic 
colls  which  are  found  in  largo  numbers  in  tho  pancreas.    These  col- 
lections acted  as  reflex  centers  which  transmitted  secretory  impulses 
directly  to  the  pancreas, 

Bayliss  and  Starling  instituted  a  research  with  a  view  to  de- 
termining the  conditions  and  paths  of  this  local  secretory  reflex. 
In  one  experiment,  a  loop  of  the  upper  part  of  the  Jejunum  was  liga- 
tured at  two  ends  and  then  25  c.c.  of  4  per  cent,  hydrochloric  acid 
was  introduced.    A  flow  cf  pancreatic  Juice  was  obtained.    The:;  all 
possible  nervous  connections  between  the  loop  and  the  pancreas  were 
destroyed.    Both  splanchnic  and  vagi  nerves  were  cut,  the  abdominal 
sympathetic  ganglia  round  the  big  vessels  extirpated,  and  all  the 
nervo  filaments  traveling  along  the  vessels  to  the  ligatured  loop 
were  dissected  away*    At  the  same  tine  the  mesentery  was  divided  so 
that  the  loop  of  the  intestine  was  connected  to  the  rest  of  the  body 
only  by  its  Mood  vessels.    Acid  was  then  introduced  for  the  second 
time  into  the  lumon  of  the  gut.    Though  all  nervous  connections  be- 
tween gut  and  pancreas  had  been  destroyed,  the  reaction  was  the  same 

as  in  a  normal  animal,  and  ar.  abundant  flow  of  Juice  was  obtained. 
The  experiment  proved  at  once  that  there  was  no  question  of  a 
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nervous  reflex,  either  central  or  peripheral,  but  that  the  connection 
between  the  mucous  membrane  and  pancreas  must  be  chemical  and  be  ef- 
fected through  the  blood.    From  Jertheimer *s  ro  earches,  we  know  that 
the  direct  introduction  of  acid  into  the  blood  producer!  no  flow  of 
pancreatic  juice.    The  question,  then,  is  what  was  the  difference  be- 
tween the  introduction  of  acid  into  the  gut,  which  did  produce  a 
flow,  and  its  introduction  into  the  blood  which  did  not  produce  a 
flow?    The  sole  difference  was  taken  to  lie  in  the  layer  of  epithel- 
ial cells,  which  intervene  between  the  lumen  of  the  c^ut  and  the  cap- 
illary blood  vessels  in  the  interstitial  villi.    In  these  cells  some 
substance  must  be  produced  under  the  action  of  acids,  which  on  ab- 
sorption into  the  blood,  acts  as  the  chemical  messenger  to  the  pan- 
creatic cells.    The  hypothesis  was  tested.    The  loop  of  the  intes- 
tine was  cut  out,  the  cells  lining  the  mucous  membrane  scraped  off 
and  mixed  with  dilute  hydrochloric  acid.    The  extract  v/as  filtered, 
and  the  injection  of  the  filtrate  into  the  animal1 8  veins  was  found  to 
pro-:uc3  t  flow  of  Juice  even  greater  in  extent  than  that  excited  by 
the  Introduction  of  acid  into  the  lumen  of  the  cut.    This  substance, 
formed  in  the  cells  under  the  influence  of  the  acid  was  celled  "se- 
cretin".   Since  it  Is  not  destroyed  by  boiling,  it  is  not  a  ferment. 
It  is  diffusible  and  soluble  in  alcohol  or  alcohol  and  ether. 

It  was  concluded^  then,  that  the  epithelial  cell?  lining  the 
rut  contain  a  body  -  "prosecretin",  which  is  insoluble  in  water,  al- 
cohol or  salt  solution,  but  which  under  the  influence  of  agents  such 
as  acids,  undergoes  hydrolysis  with  tve  splitting  off  of  a  new  b  dy  - 
secretin.    That  this  mechanism  Is  normally  involved  in  the  produc- 
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tion  of  pancreatic  secretion  and  is  responsible  for  the  flow  obtain- 
ed on  the  introduction  of  acid  into  the  intestine,  is  shown  by  tho 
fact  that  its  distribution  in  tho  gut  exactly  corresponds  with  the 
vVortheimor •s  results.  Thus,  whereas  an  extract  of  the  mucous  mem- 
brane of  the  duodenum  yields  a  vory  strong  solution  of  secretin,  a 
similar  acid  extract  of  tho  lo-,er  two  foet  of  ileum  yields  a  solution 
which  has  no  influence  on  the  pancreas. 


Digestive  Action  of  lancroatic  Juico. 

Fresh  Juico  has  a  strong  amiolytic  action  on  starch,  and  a 

slight  fat-splitting  action  which  is  largely  increased  by  the  pres- 

once  of  bile.    If  fresh  fibrin  is  allowed  to  remain  in  contact  with 

tho  juice  at  a  temperature  of  58  C,  it  is  unaltered  at  the  end  of 

ono  or  two  hours,  but  at  the  end  of  24  hours  it  is  complete!"  dissol- 

16 

ved.    This  action  on  fibrin  has  been  ascribed  by  ^elesenne    to  th?  pre 
se  ^co  of  Men!oroKinasew  in  the  fibrin  derived  from  the  disintegration 
of  loucocytes. 

Pancreatic  juice  also  hydrolysos  cc.seino^en,  though,  slowly,  and 
the  proteolytic  ferment  in  the  juice  apparently  attacks  tho  protoids 
of  the  Juice  itself.  Hence,  if  the  juico  is  l:ept  for  some  time,  and 
then  treated  with  trichloracetic  acid,  the  filtrato  will  £ive  a  slight 
but  distinct  biuret  reaction.  Pancreatic  Juice  is  without  effect  on 
coagulated  proteid  or  on  solid  gelatin  at  the  temperature  of  the  room. 
Coagulated  •gg-albumen  may  bo  kept  in  contact  with  the  juice  for  a 

lG^C.R.Soc.  de  Biologie,  1902,  p.  591. 
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week  without  undergo inj  solution. 

Frosh  Juice  may  bo  kept,  for  \voo:;g  without  any  apparent,  altera- 
tion in  their  feeble  proteolytic  power.    It  is  evident,  then,  that 
this  power  is  not  due  to  a  partial  spontaneous  conversion  of  the  tryp- 
sinogen  into  trypsin,    This  latter  ferment  makes  no  qualitative  dif- 
ference between  coagulated  and  dissolved  or  uncoagulatod  nroteld.  It 
may  bo  so  largely  diluted  that  its  action  on  fibrin  is  reduced  to  the 
feeble  degree  rvhich.  is  characteristic  of  fresh  pancreatic  Juice.  In 
this  dilution  it  still  digests  coagulated  egg  white  and  gelatin  slowly 
whereas  frosh  pancreatic  Juice  which  will  eldest  fibrin  in  PA  hours 
is  without  effect  on  coagulated  egg  albumen  oven  after  the  lapse  of  a 
week. 

17 

It  is  believed  by  n*ayliss  and  Ctarling    that  the  outgrowth  of  the 
intestinal  epithelium  which  gives  origin  to  the  pancreas  retains  one 
primitive  function  of  the  intestinal  epithelium,  vis.  the  power  of  se- 
creting a  very  feeble  proteolytic  ferment,  and  would  describe  the 
pancreatic  Juice  as  containing  a  ferment  similar  to  that  describe?  by 
Cohnheim  and  named  by  him  "erepsin" •    The  case  is  different,  however, 
when  an  extract  of  the  intestinal  mucous  membrane  is  added  to  the 
fresh  Juice.    'Vithin  a  short  while  the  Juice  becomes  most  powerful  as 
a  proteolytic  agent,  one  which,  at  body  temperature,  will  digest  fib- 
rin within  10  minutes, and  tubes  of  coagulated  egg  white  within  a  few 
hours. 

The  activated  trypsinogean  brings  about  a  hydrolytic  cleavage 
of  the  protein  molecule  in  a  manner  similar  to  that  described  for 
pepsin.    It  differs  in  action,  however,  from  pepsin  in  many  ways.  It 
attacks  the  protein  in  neutral  as  well  as  in  the  slightly  acid  or 

17  Dayllss  and  Ctarling,  "Journal  of  Physiology" ,  p.  66,  1904. 
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strongly  alkaline  solutions.    Its  effect  upon  the  protein  is  more  ra- 
pid and  powerful  than  that  of  popsin  and  the  protein  molecule  is  bro- 
ken up  more  completely*    The  pepsin  and  trypsin  really  act  in  coopera- 
tion with  one  another;    the  chance  begun  by  the  pepsin  is  completed  by 
,ho  trypsin. 

The  actual  products  formed  by  the  action  of  trypsin  depend  on 
the  length  of  time  the  trypsin  is  allowed  to  act,  and  the  conditions, 
favorable  or  unfavorable,  under  which  it  acts.    The  end-products  us- 
ually forraec  are,  trypsin,  loucin,  aspartic  acid,  glutaninic  acid, 
tryptophan,  lysin,  arginin,  histidin*    If  the  trypsin  is  allowed  to 
exert  tOAplete  action  on  the  protein,  the  end-products  are  closely 
similar  to  those  obtained  by  boiling  protein  with    acids.    The  product 
would  consist  chiefly  of  araino-acids,  that  is,  organic  acids  contain- 
ing one  or  more  amino  groups  (1IH  )  in  direct  union  with  carbon.  Liome 

2 

of  the  amino  bodies  are  monoaminic  acids,  that  is,  they  contain  one 

HI  group,  such  lg  leucin,  tyrpsin,  glycin  l  nd  include  substances  be- 
2 

longins  to  the  series  of  fatty  acids. 

The  di astatic  enzyme  is  found  in  '.he  secretion  of  the  pancreas 
or  it  may  be  extractod  from  the  gland.    Its  action  upon  starchy  foods 
is  similar  to  thst  of  ptyalin.    It  brings  about  a  hydrolysis  of  the 
starch  with  the  production  f  inally  of  maltose  and  acro6de:trin.  Be- 
fore absorption,  these  substances  are  further  acted  upon  by  the  mal- 

tase  of  the  intestinal  secretion  and  converted  to  ^.extf"056,  ThG  £tarchy 
fooz  that  escapes  digestion  in  the  mouth  and  stomach  becomes  mixed  with 

this  ensymo  in  the  duodenum,  and  from  that  time  until  it  reaches  the 
end  of  the  large  intestine  the  conditions  are  favorable  for  its  con- 
version into  maltose  and  dextrin*    Most  of  this  digestion  is,  no  doubt 
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completed  before  the  contents-  of  the  intestinal  canal  reach  the  ileo- 
cecal valve. 

The  pancreatic  secretion  contains  an  active  enzyme,  lipase,  which 
is  capable  of  hydrolyzing  or  saponifying  the  neutral  fats*    These  neu- 
tral fats  are  chemically  esters  of  the  trihydric  alcohol  glycerin,  .Then 
hydrolyzed  they  break  up  into  glycerin  and  the  constituent  fatty  acid. 
The  action  of  lipase,  then,  may  be  represented  by  the  following  reaction 

in  the  case  of  palmitin:    C  H  (C    H    C  0.0}  +  3  H  0  f  C  H  (    H)    ♦  3(C 

3  5    15  31  3         2         3  5    "    3  15 

H    C         K).    ..hen  lipase  is  added  to  neutral  oils,  its  splitting  action 
ol 

is  easily  recognized  by  the  development  of  an  acid  reaction  due  to  the 
formation  of  the  fatty  acid.    Tor  example,  if  a  piece  of  fresh  pancreas 
is  added  to  butter,  and  the  mixture  kept  at  body  temperature,  the  hy- 
drolysis of  the  fats  is  made  evident  quite  soon  by  the  rancid  odor  due 
to  the  production  of  butyric  acid.    ..hen  pancreatic  juice  is  mixed  with 
oils  or  liquid  fats,  t^.ero  lfl  first,  a  splitting  of  the  fat  already  re- 
ferred to,  and  secondly,  an  omulsif ication  of  the  fat.    An  oil  ir  emulsi- 
fied when  it  is  broken  up  into  minuto  globules  that  do  not  coalesce. 
Artificial  emulsions  may  be  nade  by  vigorous  and  prolonged  shaking  of 

the  oil  in  a  viscous  solution  of  soap.    It  is  now  known  that  the  epul- 
is 

sification  of  oils  and  fats  is  due  to  the  formation  of  soaps.      The  li- 
pase splits  some  of  the  fats  and  the  fatty  acid  liberated  combines  with 
the  alkaline  salts  present  to  form  soaps.    Tho  emuls if ication  under 
the so  conditions  is  very  fine  and  very  permanent. 

It  was  formerly  bolieved  that  tho  formation  of  this  emulsion  was 
the  main  function  of  tho  pancreatic  Juice  so  far  as  fats  :ero  concorn- 
ed.    It  was  thought  that  in  tho  form  of  fine  droplets  the  fat  may  be 
taken  up  directly  by  tho  epithelial  colls  of  tho  villi,  and  this  view 

18    Ratchford,  "Journal  of  Physiology",  12,  |f4  1C91. 
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was  supported  by  tho  histological  fact  that  during  the  digestion  of 
fats  th^  opitholial  colls  may  be  shown  to  contain  f ino  oil  drops  in 
their  interior.    Tho  tondo..cy  of  recent    or'.:,  ho  over,  h-.s  been  to 
show  that  tho  fats  are  completely  split  into  fatty  acids  and  glycerin 
before  absorption,  and  that  the  enulsif icat ion  may  be  regarded,  from 
a  physiological  standpoint,  as  a  mechanical  preparation  for  the  action 
of  lipase  rathor  than  as  a  direct  preparation  for  tho  action  of  absorp- 
tion,   Tho  tv/o  products  of  the  action  of  lipase,  the  glycerin  and  fat- 
ty acid,  are  absorbed  by  th«  epithelium  and  again  combined  to  form 
neutral  fat. 

19 

According  to  Loevonhart,     it  seems  quite  possible  that  tho  same 
enzyme  may  cause  both  tho  splitting  of  the  fat  and  tho  synthesis  of  the 
split-products,  not  only  in  the  intestines  before  absorption,  but  in 
tho  various  tissues  during  the  metabolism  or  ntorago  of  fat.  Lipase 
is  found  in  tho  blood  and  in  many  tissues,  and  during  its  nutritive 
history  in  the  body,  tho  fat  nay  be  split  and  synthesized  a  numbor 
of  times.    The  splitting  process  does  not  involve  much  work  and  very 
little  heat  is  liberated,  and  a  correspondingly  small  amount  of  energy 
is  noeded  for  th9  synthesis. 

The  action  of  lipase  is  aided  materially  by  the  presence  of  bile. 
This  latter  iecretion  contains  no  lipase,  but  mixtures  of  bile  and  pan- 
cr  atic  Juice  split  the  neutral  fats  more  readily  y\han  the  pancreatic 
Juice  alono.    This  is  nor;  explained  on  the  hypothesis  that  the  bile 
acids  or  .ho  bile  - -acids  nd  ^e  lecothin  activate  a -portion  of  tho 
lipase  which  is  in  a  state  of  a  proferment. 

19  Loevenhart,  "American  Journal  of  Physiology",  6,  331,  1902* 
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PART  5 


THS  DUOpSNAL  GLANDS 

Tho  walls  of  the  snail  intoctino  are  composed  of  the  sane  four 
coats  described  as  composing  tho  vails  of  the  stomach,  the  mucosa, 
subraucosa,  muscular is  and  serosa. 

Tho  cubmucosa  consists,  as  in  tho  stomach,  of  loosely  arrangod 
connective  tissue  and  contains  the  larger  blood  vessels.    It  is  free 
from  glands  except  in  the  duodenum  where  it  contains  the  "glands  of 
BrunnorM.    These  are  branched  tubular  glands  lined  with  a  granular 
columnar  epithelium,  similar  to  that  of  tho  pyloric  glands.    Tho  ducts 
are  also  lined     ith  a  simple  columnar  epithelium.    They  pass  through 
tho  muscular! s  muoosae  and  empty  oithor  into  a  "crypt  of  Lioberkuhn" 
or  on  the  surface  between  tho  villi.    Brunnor's  glands  frequently  oc- 
cur in  the  pylorus  and  it  is  not  uncommon  for  tho  pyloric  glands  to 
exton;!  downward  somowhat  into  the  duodenum. 

To  the  naked  eye  examination  they  are  small,  rounded  or  flat- 
tened masses  of  a  roddish  gray  color  varying  in  size  from  one  fifti- 
eth to  on©  twelfth  of  an  inch  in  diameter  (.5  to  2.0  mm.)  They  form 
an  almost  continuous  layer  as  far  as  th^  opening  of  the  bilo  duct; 
beyond  this  thoy  diminish  progressively  and  complotoly  disappear  near 
the  duodenal-Jo Junal  flexure. 

The  presence  of  the  glands  in  the  duodenum  was  discovered  in 
1679  by    opfor  who  observed  that,  -"hen  naceratod  in  water,  the  glands 
liberated  an  abundant  amount  of  mucus.    The  glands  were  described 
more  fully  ei£ht  years  later  by  Brunner  who  regarded  thom  as  a  sort 
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of  secondary  pancreas.    Claude  Bernard  and  P.Iiddeldorph,  however,  shor- 
ed the  incorrectness  of  this  view  and  pointed  out  how  the  secretion 
of  the  glands  of  Brunner  difforod  from  that  of  the  pancreas. 

Budge  and  r'rolow  in  1870  found  that  tho  extract  of  the  glands 
of  Brunner  would  transform  starch  into  sugar,  would  dissolve  fibrin 
in  acid  solution,  but  woul '  not  act  upon  coagulated  egg  albumen  nor 
upon  fats. 

In  1902,  Glassner  extended  to  the  study  of  the  glands  of  Brunner 
the  methods  which  ho  had  employed  v;ith  success  to  separate  the  vari- 
ous fermonts  of  the  gastric  mucous  membrane.    Vhe  extracts  which  he 
obtained,  after  excluding  the  glands  of  T.ieborlcuhn  from  the  extract- 
ed material  and  destroying  tho  adherent  pepsin  and  trypsin,  were  not 
active  to  starch,  cane  sugar  and  fats,  but  on  the  other  hand,  digested 
fibrin,  serum  albumen,  and  coagulated  egg  albumen  in  solutions  con- 
taining »2  to  .3  per  cent,  hydrochloric  acid.    The  specific  ferment 
upon  which  depended  this  proteolytic  action,  he  identified  with  the 
psoudopepsin  which  he  h°>d  formerly  extracted  from  the  pyloric  mucous 
membrane.    It  differed  from  pepsin  in  that  it  was  not  destroyed,  nor 
its  activity  removed  by  weak  solutions  of  sodium  carbonate.  Also, 
its  action   Aui  ckly  led  to  the  formation  of  tryptophan.    It  was  dis- 
tinguished from  trypsin  by  its  activity  in  acid  solutions. 

hothor  this  is  a  tissue  enzyme  concerned  in  tr if  various  meta- 
bolic processes  of  the  coll  itself  or  a  secreted  product  of  the  cell 
designed  to  assist  in  the  intestine  in  the  transformation  of  the  pro- 
tcids  of  the  food  is  not  definitely  known. 

Anatomically,  the  main  points  of  interest  are  the  form  and  dis- 
tribution of  the  glands,  the  question  as  to  whether  they  are  serous 


81. 

or  mucous  glands,  the  changes  th^y  exhibit  in  different  stages  of 
physiological  activity  and  their  relationship  to  the  pyloric  glands. 

Tho  .^uostion  concerning  the  form  of  the  glands  has  been  adequate- 
ly treated  by  Schwalbe  (1372)  whoso  conclusions    ere  that  the  glands 
of  Brunner  are  composed  of  ramifying  tubules  into  which  acini  open. 

There  has  not  been  the  same  unanimity  of  opinion  concerning  the 
mucous  or  serous  nature  of  the  glands.    This  has  been  due  to,  first  of 
ill  I  the  close  rosemblance  of  the  glands  of  Brunner  to  t^e  pyloric 
glands  of  ih«  stomach  which  Keidenhaln  (1870  -  1878)  bad  shown  on  phy- 
siological grounds  to  be  pepsin-f ormin ;  serous  glands.    A  second  cause 
contributing  to  the  confusion  of  results  is  the  lack  of  precision  in 
the  morphological  critoria  for  distinguishing  between  mucous  and  ser- 
ous colls. 

As  there  has  been  no  specific  data  obtained  in  regard  to  the  na- 
ture of  the  cells,  we  must,  therefore,  compare  them  as  regards  struc- 
ture, stainin^  ind  microchemical  reactions,  and  the  changes  they  exhi- 
bit in  different  phases  of  functional  activity,  not  only  with  the  ad- 
jacent gastric  and  intestinal  glands,  but  also  with  the  many  glands 
from  other  sources  that  have  been  the  subject  of  exact  investigation. 

Most  writ~rr   agree  on  the  point  t  at  there  is  a  great  similar- 
ity between  tho  glands  of  Brunner  and  the  pyloric  glands  of  the  stom- 
ach, although  researches  of  Castellant  (1898),  Kuczynski  (1890)  and 

others  do  not  confirm  the  conclusions  of  Benthowski  (1876)  and  3chief- 
ferdecker  (1884)  that  the  two  types  of  glands  are  identical. 

Th^  question  of  relationship  of  tho  glands  of  Brunner  to  the 
pyloric  glands  is  interesting  from  tho  standpoint  of  the  phylogene- 
sis of  the  former  glands.    The  fact  that  they  have  been  found  with- 
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out  exception  in  all  mammals  belonging  to  the  classes  in  "'hich  they 
havo  boon  sought,  shows  that  Vioy  must  have  appeared  very  early  in 
tho  history  of  Mammalia.    The  fact  that  tho  pyloric  glands  and  the 
glands  of  Brunner  have  been  subject  through  this  lone  phylogenotic 
history  to  diversified  conditions  would  alone  bo  sufficient  to  explain 
slight  differences  in  the  nature  of  their  colls,  oven  though  the 
two  sets  of  glands  came  from  a  common  origin. 

Furthermore,  in  many  groups  of  animals,  owin:;       a  change  of 
food  habits ,  tho  stomach  has  undergone  important  adaptive  modifica- 
tions, resulting  in  the  suppression  of  extensive  areas  of  gastric 
glands  and  tho  replacement  of  cylindrical  epithelium  by  stratified 
squamous  epithelium,  and  the  modification  in  type  of  the  remaining 
glands.     It  is  reasonable  to  expect  that  under  these  conditions,  the 
pyloric  glands  would  be  modified  and  the  differences  between  them 
and  the  glands  of  Drunner  more  pronounced,    "t  would  be  unfair  to 
assume  that,  because  tho  pyloric  gland  colls  differ  from  those  of 
the  glands  of  3 runner  in  an  animal  with  such  a  spocializod  stomach, 
they  are  primitively  different.     In  other  words,  in  discussing  the 
question  of  tho  difference  or  similarity  of  the  two  sets  of  rlands, 
both  tho  long  phylogenetic  history  of  the  glands  and  the  relative 
visceral  specialization  of  the  animal  under  investigation  must  bo 
given  due  consideration. 
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PART  6. 

CONCLUSIONS 

Though  one  should  make  a  sincero  attempt  to  treat  tho  physi- 
ology of  the  digestive  glands  as  thoroughly  as  possible  uith 
tho  present  available  data,  tae  subject  would  be,  in  reality,  far 
from  exhausted,    A  great  deal  remains  to  be  achieved  before  there 
is  a  complete  conquest  of  the  territory.     .'hat  has  been  already 
gained  is  very  valuable  as  a  guide  to  future  research.    There  are 
very  many  more  inquiries  which  are  constant!"  arising,  all  of  which 
mean  progress  in  future  investigation,  since  they  testify  to  the 
existence  of  a  wide  field  of  research  which  has  been  studiod  more 
or  loss  from  a  general  point  of  view. 

V.'e  have  seen  the  great  complexity  and  at  the  same  time  the 
mar.cod  constancy  and  accuracy  of  the  work  of  the  digestive  glands. 
It  now  becomor,  necessary  to  seek  an  explanation  for  every  step  of 
this  complicated  process.    The  different  food  constituents  must  be 
studied  individually  and  more  thoroughly  in  order  to  determine  more 
fully  their  particular  significance.    Tt  is  from  the  effects  of  the 
elementary  constituents  that  each  point  of  the  curvo  of  secretion 
after  a  complex  meal  must  be  explained. 

As  has  been  suggosted  by  i-avlov,  to  solve  this  problem  the 
individual  constituents  of  V-e  foods  must  be  successively  combined 
with  each  other,  and  the  food  synthetically  built  up  step  by  stop 
while  at  the  same  time  the  properties  of  the  Juice  must  bo  sub- 
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mittod  at  ©very  phase  to  an  exact  analysis.    In  tho  case  of  com- 
plex foods,  bettor  conclusions  can  bo  drawn  from  tho  properties 
of  the  Juice  as  to  what  has  boon  tho  offoctive  excitant.    The  sys- 
tematic investigation  of  the  constituents  of  the  food  in  this  man- 
ner will  undoubtedly  lead  to  the  discovery  of  many  unexpected  re- 
lationships between  tho  foodstuffs  and  the  digestive  glanoL. 

A  complete  and  accurate  answer  as  to  why  and  in  what  way 
Cland  activity  varies  can  be  obtained  only  when  an  exact  investi- 
gation of  the  contents  of  the  alimentary  tract  is  Joined  closely 
with  observations  upon  secretory  activity;    for  example,  -/hen  for 
evory  period  of  digestion,  and  for  every  secretion  of  the  diges- 
tive canal,  we  know  exactly  whore  a  particular  constituent  of  the 
food  could  bo  found  and  exactly  what  nature  of  alterations  it  may 
be  undergoing. 

Questions  must  also  bo  considered  that  deal  with  the  seat  of 
action  of  tho  elementary  food  constituents,  their  mode  of  working, 
and  the  combined  results  of  their  local  excitants.    This  would 
naturally  involve  the  chain  of  phenomena  in  the  central  nervous 
system  given  an  impulse  by  the  peripheral  excitations  from  the  di- 
gestive tract  as  well  as  the  impulses  from  othor  organs.    The  two 
questions  last  mentioned  aro  very  closely  linked. 

After  a  thorough  study  of  the  alimentary  canal  and  its  acces- 
sory organs  of  secretion,  we  are  able  to  see  delineated  an  intri- 
cate mechanism  which,  like  other  things  of  nature,  is  adapted  with 
the  utmost  delicacy  and  precision  to  tho  task  it  has  to  perform. 
An  advantage  to  the  digestive  process  is  gotten  from  the  instinc- 
tivo  craving  for  food;     in  addition  to  the  impulse  to  seek  and  par- 
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take  of  food,  the  instinct  is  at  th^  same  time  connected  with  the 
first  and  strongest  secretory  impulse  to  the  gastric  and  salivary 
glands.    Through  thn  medium  of  this  th^  stimulus  is  transmitted 
further  to  other  digestive  organs.    The  fluids  differing  in  reac- 
tion transform  a  considerable  part  of  the  food  into  a.  soluble 
half-fluid  condition  and  so  allow  the  chemical  constituents  of  the 
mixture  to  take  effect.    As  a  result  of  this,  the  initial  rate  of 
gland  activity  is  modified  in  order  to  harmonize  with  the  altered 
conditions  of  tho  food  which  by  this  time  are  such  that  they  are 
capablo  of  stimulating  the  end-organs  of  the  neuro-socrotory  ap- 
paratus.   A  certain  equilibrium  is  maintained  both  in  regard  to 
the  quantity  and  the  strength  of  the  digestive  medium  as  a  whole. 
Tho  transformation  of  one  constituent  is  favored,  that  of  another 
restrained.    The  secretory  worl;  which  started  with  the  ingestion 
of  food  is  passed  on  from  stage  to  stage  along  the  alimentary 
tract  due  to  a  suitable  and  harmonious  linking  of  the  several  con- 
secutive processes. 
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